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KoL CANDIDATHR

Updats #

, ] X pon
Faci1ity name: U.S. DOE Hanford 100 Area  Received: !4 1m0
Location: Hanford Site

EPA Region: X

Person{s)} in charge of the facility: J. 3. Keating Asst. Mgr.

Safety, Environment and Security
509 - 376 - 7334

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-17-87

General description of the facility: :
(For example: landfiil, surface {mpoundment, pile, container; types of
hazardous substances; 1ocat10n of the facility; contamination route of

sajo; concern: types of information needed for rating; agency action,
ete.

The 100 Area Site contains the 116-B-4, 116-B-6, 116-C-2, 116-D-1A,

116-D-18,116-F-5,116-F-19,116-H-3,116-K~-2,116-8-1,116-8-3,116-C-1,

116-D-2,116-DR-1,116-DR-2,116-DR~-4,116-F-1,116-F-2,116-F-3,116-F-4,

116-H-1,116-H-4,116-K-1,116-K-2,116-8-5,116-8-10,116-C-2,116-D-3,

’116~D-4.IIS-F-Q,116-F-13,115-B—2.116-D-IA,{;5—D*IB,IIE—DR-3,115—F-3,

116-KE-3,116-KW-2,116-0R=6,116-F=1,116-F=6,116-F=12,116-H-2_116-K~2,

116-DR-8,116-F-7,117-8,117-C,117-0,117-H, 100KE*1, 100KE*2, 100KE*3, 100KW*1

100Kw*2,116~8-9,116-D-6,116-F~11,116-DR~7,3116-KE-1,116-KW-1,116-KE-2,
107-8,107-C,107-D,107-DR, 107-F,107-H,107~KE, 107-KW, White Bluffs
Pickiing Acid Crib,118-B-1,118-B-4 118-8-5,118-C-2,118-D-1,118-D-3,

118-0-5,118-0R-1,118-F~1,118-F-3,118-F=7,118-H-1,118-H~2,118-H-3,

Spp = 0.00 09. yﬂ
Spc = 0.00 it jl .
o
FIGURE 1 /{'
HRS COVER SHEET ; \s* k
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ENVIRONMENTAL DIVISION
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118-H-4, 118-H-5,188-K, 118-B-2,118-8-3,118-D-4,118-F~1,118-H-3,

118-B-6,118~F-5,118-F-6,118-B-1,118-8-7,118-C-1,118-D-1,118-D-2,

118-F-2,118-F-4,118-H-1,118-K,1008/C Burn Pit 100DR Burm Pit,1C0F

Burn Pit,100N Burn Pit and 100K Burn Pit sites.

FIGURE 1 (Continued)
HRS COVER SHEET
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HRS Ground Water Route Work Sheet

EESETEEATREUTR ST SSRESES ISR aEEEIEOS

Site: U.S. DOE Hanford 100 Area 8/17/87
Assigned Multi- Max. Ref.

Rating Factor VaTue plier Score Score (Section)
1. Observed Release 45 1 45 45 3.1

o o b gl ko ol S A A A S P A T N o fd il e D A P P Sk

1f observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to 1ine 2.

- - o e kS e A P AR S 8 I A e S o ek Al o A A S S S

2. Route Characteristics . 3.2-
Depth to Aquifer of Concern 0 2 0 6
Net Precipitation 0 1 0 3
Permeability of the 0 1 0 3
Unsaturated Zone
Physical State 0 1 0 3
Total Route Characteristics Score Q 15
3, Containment 0 1 0 3 3.3
4. Waste Characteristics 3.4
Chemical
a. Toxicity/Persistence 18 1 18 18
Hazardous Waste Quantity 8 1 8 8
Total Waste Characteristics Score 26 26
5. Targets 3.5
Ground Water Use } 3 2 9
Distance to Nearest Well/ ¢ 1 0 40
Population Served
Total Targets Score, 3 59 vafi
6. If line 1245 (1x4x5) (\\\ ’@‘
If line 1=0 (2x3x4x5) 35100 57330 3
7. Line 8/57330 * 100 Sc{gw)= GL-12 \q;{
................................................. G
W



-~
-3

391709 5%

!

- o S D D A A 0 G S D SR P S A A D U O b S o

HRS Surface Water Route Work Sheet

Site: U.S. DOE Hanford 100 Area 8/17/87

i Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

1. Observed Release 45 1 45 45 4.1

- ke Dl P W A A T e o e A oyt b s S D A L R D S e

1f observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to line 2.
2. Route Characteristics 4.2

Facility Slope & Intervening 0
Terrain

l-yr. 24-hr. Rainfall 0
Distance to Nearest Surface 0
Water

Physical State 0

------------------------------------------

- o o P T ke A TR SRk A S AR P . mm  wk ke o v Uy T Dk e A TR S A P A D e S A . -

4. Waste Characteristics 4.4
a. Chemical
Toxicity/Persistence 18
Hazardous Waste Quantity 8

—
—
oo
—
oo

s T L 00 D Y D e S e -

5. Targets 4.5
Surface Water Use 3 3 9
Distance to a Sensitive 0 2 0 6
Environment
Population Served/Distance 35 1 38 40
to Water Intake
Jownstream
Total Targets Score 44 55
6. If Tine 1=45 (1x4x5)
If line 1=0 (2x3x4x5) 51480 64350

- - D e A ) e e ok o T U D A S SR A G R M) SR D G D e e o A A

7. Line 6/64350 * 100 Sc(sw)= 80.00 C\ﬁqu
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HRS Air Route Work Sheet

EEEEENEEE -IALSIZENESEERRR

ROUTE NOT SCORED .

- R MR R e e bk sle o e e o e S G W D WD S AP D A A D e e o kel i s i Rk D R e A

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

R IS S S T X I NN R N R R E I L I N AR E S I E X R I SR E R CEREC S RS2 R

1. Observed Release 0 1 0 45" 5.1

A ok e L S T P D D MR WS MR SN AL S R D R R A e e b o e D e U0 A A e o ST N S A W SR A A T A A

--------------------------------------------------------------------------

If observed release is given a score of 45, proceed-to line 2.
If observed release is given a score of 0, the Sa=0. Enter on Line §.

--------------------------------------------------------------------------

2. waste Characteristics 5.2
a. Chemical
Reactivity and 0 1 0 3
Incompatibility
Toxigity 0 3 0 e
Hazardous Waste Cuantity 0 1 0 8
Total Waste Characteristics Score 0 20
3. Targets 5.3
Population Within 4-Mile 0 1 0 30
Radius
Distance to Sensitive 0 2 0 6
fnvironment
Land Use 1] 1 0 3
Total Targets Score 0 39
4, Multiply 1 x 2 x 3 6 35100
................................ ISP [
ol
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Groundwater Route Score (Sgw} Lol 37. 45
Surface Water Route Score (Sgw) 80.00 6400.00
Air Route Score (S,) 0.00 ~ 0.00
2 2 2
Sgw + st + Sa - L437. 45
{
vV <2 Z ) -
sgw + st + Sa ¥0.23
L
V 2 Z 2 - - _
Sy * S * Sa [ 1.73 = Sy 46.38.
FIGURE 10
WORKSHEET FOR COMPUTING Sy
A



DOCUMENTATION RECORDS
FOR
HAZARD RANKING SYSTEM

INSTRUMENTATIONS: As briefly as possible summarize the information you used

to assign the scare for each factor (e.g., “Waste quantity = 4,230 drums plus
800 cubic yards of sludge"). The source of information should be provided
for each entry and should be a bibliographic-type reference, include the
location of the document.

FACILITY NAME: U.S. DOE Hanford 100 Area

LOCATION: Hanford Site, Benton County, Washington

DATE SCORED: 8-17-87

PERSON SCORING: R. D. Stennar, Pacific Northwest Laboratory for 0QE

PRIMARY SQURCE(S) OF INFORMATION (e.g., EPA region, state, FIT, etc.):

The information was taken from Department of Energy documents and databases
associated with the Hanford Site, as well as from other publicly available

documents addressing conditions at or in the vicinity of the Hanford Site.

Information was also gathered through talephone and personal communications
with responsible individuals (such information is referenced accordingly in
the package).

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effiuents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored,

COMMENTS OR QUALIFICATIONS:

The Department of Energy has compietad a preliminary assessment of the

hazardous waste sites located on the Hanford Site. This work served as the

primary basis for developing the scores for the aggregate 100 Area Site.

These preliminary assessment efforts are documented in the "Oraft Phase I
Installation Assessment of Inactive Waste-Disposal Sites at Hanford" volw@es

and respective addenda which are referenced throughout the package. E} \gq 7>
1 b



GROUND WATER ROUTE

1 OBSERVED RELEASE
Contaminants detected {5 maximum):

An observed release to the ground water beneath the 100 Areas can be verified
using several different substances. For the purpose of documenting observed
release to the ground water it was determined that the strontium-90 (Sr-90)
and chromium (Cr) would provide sufficient evidence. Evidence of observed
release can be given in terms of a comparison of background concentrations
and down gradient concentrations for both Sr-90 and Cr. Wells used to verify
observed release of Sr-90 are listed in the following table.

100 Area Wells for Sr-90

BACKGROUND DOWN GRADIENT
Concentration Concentration
Date Well (pCi/L) Date Well (pCi/L)
4/10/87 1-H4-5 <0.753 pCi/L 4/10/87 1-H4-4 8.05 pCi/L
) 5/29/87 1-K-4 12.5 pCi/L

The wells used to verify observed release of Cr to the ground water beneath
the 100 Area are listed in the following table.

100 Area Wells for Cr

BACKGROUND DOWN GRADIENT
Concentration Concentration
Date Well _{pa/L) ~_Date Well (pa/t)
6/12/87 6-77-54 <10 gg/L 5/21/87 1-83-1 62 pq/L
3/25/87 1-Ds5-12 1,560 mg/L
3/18/87  1-K-20 137 pa/t

Reference 5, page 3.14; Reference 2; Reference 3, pages 19, 23, 274, 13,16,
and 21; Reference 1; Reference 10; Reference 18

Rationale for attributing the contaminants to the facility:

The nine 100 Areas (B, C,D, DR, KE, KW, F, H, and N) border the Columbia

River in the northernmost part of the Hanford .Site. Each of the nine areas

has one production reactor. Eight of these reactors have been shut down;

only the N Reactor, used for both plutenium and electricity production is

still in operation. When the reactors were operational, cooling water was

drawn from the river and treated with alum, sulfuric acid and chlorine.

Excess sulfuric acid was used to maintain the pH of the water within a

desired range. To control oxidation of aluminum parts in the reactor, sodium \?‘
dichromate was used to maintain an oxidation coating on aluminum parts. The \
chlorine was added for algae control in the settling basins; at times copper\ gLi]\

2



sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.}
ware dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as S5r-90
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric
acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-piated boron steel balls, nickel-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety
system, one involving the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normai
horizontal control rods, was incorporated into the reactors. This
supplementary control system consisted of a Poison{d) Column Control Facility
that could charge selected process tubes with a lead-cadmium poison to ahsorb
neutrons. Boron-carbide aluminum poison splines were also used fdr
supplementary control. These activities resulted in waste containing the
contaminants discussed above being disposed of in the 100 Area. Down
gradient wells show contaminant concentrations significantly above those
found in the background wells.

i
0

{(a) The term poison refers to a material’s ability to absorb neutrons and
thus control the rate of fission.

Reference 4, pages 2.11-2.13

2 ROUTE CHARACTERISTICS

Depth to Aquifer of Concern

Name/description of aquifer(s) of concern:

The aquifer of concern is the unconfined aquifer which is comprised of the
glacio fluvial sediments of the Hanford formation and the late deposits of
the Ringold formation. It generally slopes downward from west to east; depth
to ground water is from 10 to 15 meters (34 to 48 feet). It is bounded below
by either the basalt surface or, in places, the relatively impervious clays
and silts of the lower unit of the Ringold formation. Laterally, the
unconfined aquifer is bounded by the anticlinal basalt ridges that ring the
basin. The Yakima and Columbia Rivers, however, do not entirely transect
these sediments and therefore do not constitute a discontinuity for HRS
Scoring purposes. The basalt ridges above the water table have a Tow
permeability and act as a barrier to lateral flow of the ground water. The
saturated thickness of the unconfined aquifer is greater than 61 m in some
areaslof the Hanford Site and pinches out along the flanks of the basalt
anticlines.

recharge occurs from precipitation at higher elevations and runoff from \

4
Recharge to the unconfined aquifer originates from several sources. Naturai\“Yk
2a {33
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ephemeral streams to the west, such as Cold Creek and Dry Creek. The Yakima
River recharges the unconfined aquifer as it flows along the southwest
boundary of the Hanford Site. The Columbia River recharges the unconfined
aquifer during high stages when river water is transferred to the aquifer
along the river bank. The ur~onfined aquifer receives little recharge from
precipitation directly on the rdanford Site because of a high rate of
evapotranspiration under native soil and vegetation conditions: Large scale
artificial recharge occurs from offsite agricultural irrigation and 1iquid-
waste disposal in the operating areas at Hanford.

Underlying the surface sands is a mixture of sand and gravel extending to a
depth of about 200 feet {60 meters). Basaltic rock starts at that depth and
extends downward over 1.9 miles {3000 meters).

Reference 5, page 2.5; Reference 4, pages 2.11-13; Reference 9

Depth(s) from the ground surface to the highest seasonal level of the
saturated zone [water table(s)] of the aquifer of concern:

Not applicabie.

Depth from the ground surface to the lowest point of waste disposal/storage:

Not applicable.

2b
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Net Precipitation

Mean annual or seasonal precipitation (1ist months for seasonal):

Not applicahle.

Mean annual lake or seasonal evaporation {1ist months for seasomal):

Not appiicable.

Net precipitation (subtract the above figures):

Not applicable.

Permeabiiitv of Unsaturated Zone

Soil type in unsaturated zone:

Not applicable.

Permeability associated with soil type:

Not applicable

Physical State

Physical state of substances at time of disposal (or at present time for

generated gases):

Not applicable.

\\“\
4

@

Ta



3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:
Not appIicable..

Method with highest score:

Not applicable.

4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated: . -

These substances are associated with production reactor operation (See Tables
1 and 2):

Substances in the 100 Area

uranium mercury cesium-137

lead plutonium-238 cesium-134
cadmium plutonium-239 europium-152
sodium dichromate plutonium-240 europium-154
sodium oxalate tritium europium-155
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid stroantium-90 nickel-63
potassium borate copper sulfate sodium hydroxide

Reference 4, pages 2.11-2,13; Reference 6 (The numerous individual pages are
not included in the package, please consult the reference 6 document using
the 1ist of individual sites listed on the cover sheet of this package for

verification of which individual sites contain which substances); Reference
19

Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL

Substanqe Score Score Score
uranium 3 3 18
lead 3 3 18
mercury 3 3 18 ﬁéﬁ
dichromate 3 3 18 Q\\

plutonium 3 3 18 .ALO}

Reference 7, pages 794797 ; REference 20.
4
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Hazardous Waste Quantity

Total quantity of hazardous substances-at the facility, excluding those with
a containment score of § (Give a reasonable estimate even if quantity is
above maximum):

The total quantity of hazardous substances associated with the aggregate 100
Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the
individual sites and associated data for the 100 Area Liquid Waste Sites that
were used in creating the aggregate 100 Area Site. Table 2 presents the
individual sites and associated data for the 100 Area Solid Waste Sites that
were used in creating the aggregate 100 Area Site,

References are listed by waste site in Table 1.
Basis of estimating and/or computing waste quantity:

The volume of wastas disposed of to waste sites at the 100 Area was
calculated as the sum of the volumes received by individual waste sites. The
basis for this estimate of liquid waste volume is given in Table 1. For
purpases of developing the inventories, individual waste sites were
aggregated into groups that received similar wastes. These groups, and the
individual sites comprising each group, are identified in Table 1. Also
included in this table are a description of the general types of waste
received by the group of sites, the period of operation covered by the group,
the estimated waste volume received by the group, and the references for the
waste volumes received by the individual sites. 1In some cases, an individual
site received more than one type of waste. If so, the site was assigned to
more than one group and its waste volume was divided into the volumes

racaived by each particular site group. Similar information for 100 Area
sites receiving solid wastes is presented in Table 2,

q¥

\\ %3{3

4a




Area No. and Name

TABLE 1. 100 AREA LIQUID WASTE SITES

Ho. of

Haste Types Years Estimaled Volume Cubic Yds

References

100 Area Decontamination
Waste Cribs (116-B-4,
116-8-6, 116-C-2,
116-D-1A, 116-D-1B,
116-F-5, 116-F-10,
116--3, 116-K-2)

100 Area Contaminated
Reactor Effluent Cribs and
Trenches (116-B-1,
116-B-3, 116-C-1,

116-D-2, 116-DR-1,
116-DR-2, 116-DR-4,
116-F-1, 116-F-2,

116-F-3, 116-F-4,

116-11-1, 116-11-4,

116-K-1, 116-K-2)

—

"
—
-

B

Decontamination 1947-1970 2.3 x 106 L 3,000
solutions consisting
of chromic, oxalic,
and/or sulfuric acid
solutions neutralized
with soda ash.
Solutions were used to
decontamjnate dumny
fuel elements and
reactor hardware.
feactor effluent con- 1946-1971 3.0 x 1011 3.9 x 108
taminated when fuel

element cladding

failed. Radiological

contamination

consisted chiefly of

mixed fission

products. Chemical

contamination

consisted of sodium

dichromate added to

reactor coolant as

oxidant.

ah

fleference 6,
pages 13-14,
17-20, 45-48,
59-60, 61-62,
113-114, 121-
122, 151-152,
173-174

Reference 6,
pages 7-8,
11-12, 43-44,
63-64, 87-88,
89-90, 93-94,
105-106, 107-
108, 109-110,
111-112, 147-
148, 153-154,

171-172, 173-174



Area tlo. and Name

No. of

Waste Types Years Estimated Volume Cubic Yds

References

100 Area Laboratory HWaste
Cribs and Trenches
(116-8-5, 116-B-10,
il6-C-2, 116-D-3,
116-D-4, 116-F-9,
116-F-13)

160 Area Fuel Storage
Basin Cribs and Trenches
(116-B-2, 116-D-1A,
116-D-1B, 116-DR-3,
116-F-3, 116-KE-3,
116-X4-2)

Hastes associated with 1950-1976 3.2 x 108 L 4.2 x 105

labs and shops in the
108 Buildings,
including 108-B
Tritiun Lab and Tube
Examination Facility,
108-C Metal
Examination Facility
and 100 F Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
recejved nitrate from
animal wastes.

Storage basin cooling 1946-1971 2.0 x 107 L 2.6 x 104
water contaminated

with Jow levels of

mixed fission products

due to failure of fuel

element cladding.

ic

Reference 6,
pages 15-16,
23-24, 45-48,
65-66, 67-68,
119-120, 127-128

Reference 6,
pages 9-10,
59-60, 61-62,
91-92, 109-110,
179-180, 195-196
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No. of
Area No. and Name Haste Types Years Estimated Volume Cubic Yds References
100 Area Reactor Reactor effluents 1945-1971 6.1 x 108 L 8.0 x 105 Reference 6,
Decontamination and during reactor pages 95-96,
Maintenance Effluents maintenance 105-106, 115-
Cribs and Trenches activities. Much of 116, 125-126,
(116-DR-6, 116-F-1, the waste volume was 149-150, 173-174
116-F-6, 1i6-F-12, uncontaminated.
116-41-2, 116-K-2) Radionuclides present
were mainly low levels
of mixed fission
products and
activation products.
The main chemical
contaminant was
sulfuric acid, which
was used for reactor
decontamination.
Sodium dichromate was
also present in some
of the effluents.
100 Area Reactor Drainage from 117 1960-1969 2.2 x 106 ¢ 2,900 Reference 6,
Confinement Seal Pit Building confinement pages 42-44,
Drainage Cribs (116-DR-8, system seal pils. 49-50, 85-86,
116-F-7, 117-8, 117-C, Very low levels of 99-100, 117-118,
117-p, 117-H) contamination. 167-168
100 Area Sulfuric Acid Mercury-contaminated  1955-1971 3.7 x 104 L 48 Reference 6,
Sludge Disposal Sites sludge from sulfuric pages 181-183,
(100KE*1, 100KE*2, acid storage tanks. 185-187, 189~
100KE*3, 100KH*1, 191, 197-199,
100KH*2) 201-203
i
=
pa—
= A "



Regenerant Crib (116-KE-2)
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regeneration of ion
exchange columns.
Contained sulfuric
acid, caustic, and
mixed fission products
and activation
products.

da

Ho. of
Area No. and Name Haste Types Years Estimated Yolume Cubic Yds fleferences

100 Area Miscellaneous Drainage from floor 1952-1967 3.4 x 105 L 440 Reference 6,
Floor and Sink Drain Cribs and sink drains. Very pages 21-22,
(116-B-9, 116-D-6, low levels of 69-70, 123-124
116-F-11) radioactive

contamination. MNo

chemical

contamination,
100 Area Potassium Borate Liquid potassium 1953 4 x 103 ¢ 5.2 Reference 6,
Crib (116-DR-7) borate solution. No pages 97-98

radioactive

contamination.
100 Area Gas Purification Condensate from 1065-1971 1.6 x 106 | 2.1 x 103 Reference 6,
Condensate Cribs reactor gas pages 175-176,
(116-KE-1, 116-KH-1) purification system. 193-194

Contaminated with '

tritium and carbon-14

and small amounts of

fission products.

- 100 Area lon Exchange Hastes from 1955-1971 3.0 x 106 | 3.9 x 103 Reference 6,

pages 177-178



Area Ho. and Nawme

Waste Types Years Estimated Volume

Ho. of
Cubic Yds

References

100 Area fletention Basin
Leakage (107-B, 107-C,
107-D, 107-DR, 107-F,
107-, 107-KE, 107-KW)

100 Area White Bluffs
Pickling Acid Crib

Reactor effluent 1944-1971- 3.0 x 1012
containing very small
amounts of fission
products and
activation products.
Chemical contamination
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

Waste nitric and 1943-1945 7 x 105 L
hydrofluoric acid used

to pickle galvanized

piping. Acid may or

may not have been

neutralized.

3.9 x 109

900

TOTAL 3.3 x 1012 |

Af

4.3 x 109

Reference 16

Reference 16
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[ABLE 2. 100 AREA SOLID WASTE SITES
No. of
Area No. and Name Haste Types Years Estimated Volume Cubic Yds References

100 Area Metallic Maste Metallic vaste 1944-1975 1,000 m3 1,300 Reference 6,
Burial Grounds (i18-8-1, consisting mainly of pages 25-27, 13-
118-8-4, 118-B-5, discarded reactor 34, 35-36, 55-
118-C-2, 118-D-1, hardware, including 56, 71-72, 17-
118-D-3, 118-D-5, such items as aluminum 79, 83-84, 101-
118-DR-1, 118-F-1, tubes and spacers; 102, 129-131,
118-F-3, 118-F-7, lead and cadnium 136-136, 143-
118-1-1, 118-H-2, containing slugs, 144, 155-157,
118-H-3, 118-U-1, graphite, desiccant, 159-160, 161~
118-0-56, 118-K) alumioum and boron 162, 163-164,

splines; lead; and 165-166, 205-207

mercury. Radioactive

contaminants,

primarily activation

products.
100 Area Construction Construction waste, 1953-1967 48,000 m3 63,000 Reference 6,
Haste Burial Grounds demolition debris. pages 29-30, 31-
(118-8-2, 118-B-3, Small amounts of 32, 81-82, 129-
118-D-4, 118-F-1, radioactive 131, 161-162
118-H-3) contamipation.
100 Area Lab Waste Burial Low-level radioactive 1950-1975 20,000 m3 26,000 Reference 6,
Grounds (118-B-6, 118-F-5, wastes from 100 Area pages 37-38,

laboratories, in- 139-140,
118-F-6}) cluding tritium wastes 141-142

and animal wastes.

—
-CE/:/ |
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911183972979
No. of
Area Ho. and Hame Haste Types Years Cstimated Volume Cubic Yds References
100 Area Miscellaneous Radiocactivity 1944-1975 61,000 m3 83,000 Reference 6,
Solid Waste Burial Grounds contaminated trash and pages 25-27, 19-
(118-8-1, 118-B-7, miscellaneous solid 40, 51-53, 71-
1t8-C-1, 118-D-1, wastes from 100 Area 72, 13-75, 133-
118-D-2, 118-F-2, facilities. 134, 137-138,
118-F-4, 118-K-1, 118-K) 155-157, 205-207
100 Area Burn Pits Combustible trash from 1943-1971 130,000 m3 170,000 Reference 6,
{100 B/C Burn Pit, 100 Area buildings and pages 57-58,
100/DR Burn Pit, offices. 103-104, 145-
F0OF Burn Pit, 146, 169-170,
100H Burn Pit, 209-210
100K Burn Pit)
TOTAL 260,000 m3 340,000 yd3

4h
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5 TARGETS

Rround Water lse

Use{s) of aquifer(s) of concern within a 3-mile radius of the facility:

There are no wells which draw water for drinking or irrigation purposes
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

Reference 8

Distance to Nearest Weil

Location of nearest well drawing from aguifer of concern or occupied building
not served by a public water supply:

The nearest wells are 699-72-101A, B, and C that are located at the Vernita
Bridge Rest Stop.

Reference 8; Reference 9, page II.1-65

Distance to above well or building:

The wells located at the Vernita Bridge Rest Stop are just over 3 miles from
the boundary of the 300 Area Site.

Reference 8

Population Served by Ground Water Wells Within a 3-Mile Radius

Identified water-supply well(s) drawing from aquifer{s) of concern within a
3-mile radius and popuiations served by each:

There are no wells which draw water for drinking or irrigation purposes

within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

Reference 8

Computation of land areas irrigated by supply well(s) drawing from aquifer(s)
of concern within a 3-mile radius, and conversion to population (1.5 pecple

per acre): : :

There are no documented irrigation wells within 3 miles of the site.
Total population served by ground water within a 3-mile radius:

§
The total population served by ground water within 3 miles is zero. \\\l\% 73
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SURFACE WATER ROUTE

1 O0BSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it
(5 maximum) : )

The observed release of contaminants to the Columbia River adjacent to the
100 Area can be verified by comparison of upstream and downstream
concentrations of selected constituents. Verification of observed release
does not require evidence of release for each contaminant disposed at the
facility, but relies on identification of at least one constituent in the
surface water that can be attributed to the facility. Strontium-90 (Sr-90)
was chosen to illustrate observed release from the 100 Area. The following
table compares upstream concentrations of Sr-90 with concentratidns of Sr-90
at designated surface water use points. The water intakes designated as use
points are in the 100N and 100D areas.

BACKGROUND , DOWN GRADIENT(3)
Sample Concentration - Sample Concentration
Date Point (pCi/L) Date Point {pCi/L)
11/23/82- Prst Rap 0.34 z 0.18 12/18/82 100N 28 + 0.47
12/21/82 12/18/82 100D 1.1 « 0.05

{a] This data represents an analysis of the composite of river water samples
taken every 0.5 mile for the river interval indicated on the date shown.

Reference 11: Reference 5, page 3.14; Reference 12, pages 15 and B.3;
Reference 10

Rationale for attributing the contaminants to the facility:

The nine 100 Areas (B, C, D, DR, KE, KW, F, H, and N} border the Columbia
River in the northernmost part of the Hanford Site. Each of the nine areas
has one production reactor. Eight of these reactors have been shut down;
only the N Reactor, used for both plutonium and electricity production is
still in operation. When the reactors were operational, cooling water was
drawn from the river and treated with alum, sulfuric acid and chlorine.
Excass sulfuric acid was used to maintain the pH of the water within a
desired range. To control oxidation of aluminum parts in the reactor, sodium
dichromate was used to maintain an oxidation coating on aluminum parts. The
chlerine was added for algae control in the settiing basins; at times copper
sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.)
were dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as Sr-90
would dissolve in the cooiing water. ghromic acid, oxalic acid and nitric \Qi
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acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-plated boron steel balls, nickei-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety
system, one invelving the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normal
horizontal control rods, was incorporated into the reactors. This
supplementary control system consisted of a Poison{2} Column Control Facility
that could charge selected process tubes with a lead-cadmium poison to absorb
neutrons. Boron-carbide aluminum poison splines were also used for
supplementary control.

These activities resulted in strontium-890 contaminated waste being disposed
of in the 100 Area, and down gradient samples show strontium-90 concentration
levels significantly above the strontium-90 concentrations found in
background samples.

(a) The term poison refers to a material's ability to absorb neutrons and
thus control the rate of fission.

Reference 4, pages 2.11-2.13

2 ROUTE CHARACTERISTICS

Facility Slope and Intervening Terrain .

Average slope of facility in percent:

Not applicable.

Name/description of nearest down slope surface water:

The Columbia River, which originates in the mountains of eastern British
Columbia, Canada, flows through the northern edge of the Hanford Site and
forms part of the Hanford Site's eastern boundary. The river drains a total
area of approximately 70.800 kmZ enroute to the Pacific Ocean. The flow of
the Columbia River is regulated by 11 dams within the United States, 7
upstream and 4 downstream of the Site. Priest Rapids Dam is the nearest
impoundment dpstream of the Site, and McNary Dam is the nearest dam
downstream. (The Hanford reach of the Columbia River extends from Priest
Rapids Dam to the head of Lake Wallula, which is created by McNary Dam.)

This is the only stretch of the Columbia River within the U.S. that is not
impounded by a dam. The width of the river varies from approximately 300 m
to about 1000 m. The flow through this stretch of the river is relatively
swift, with numerous bends and several islands present throughout the reach.
The ground water beneath the site discharges directly into the Columbia River
as evidenced by seeps and springs along the river shore. {Y

6a | \\ “‘1{?}



The flow rate of the Columbia River in this region is reguiated primarily by
Priest Rapids Dam. Hanford reach flows fluctuate significantly because of
the relatively small storage capacity and operational practices of the nearby
upstream dams. A minimum flow rate of 1,000 cubic meters per second (36,000
cubic feet per second) has been established at Priest Rapids. Typical daily
flows range from 1,000 cubic meters per second (36,000 cubic feet per second)
to 7,000 cubic meters per second (250,000 cubic feet per second) with peak
spring runoff flows of up to 12,600 cubic meters per second { 450,000 cubic
feet per second) being recorded. Typical annual average flows at Priest
Rapids Dam are 3,100 cubic meters per second (110,000 cubic feet per second)
to 3,400 cubic meters per second (120,000 cubic feet per second). Monthly
mean flows typically peak from April through June and are at the lowest
levels from September through October.

Reference 5, page 2.1-2.3

Average slope of terrain between facility and above-cited surface water body
in percent:

Not applicable.

Is the facility located either totally or partiaily in surface water?

. Not applicable.

\¢
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Is the facility completely surrounded by areas of higher elevation?

Not applicable.

1-Year 24-Hour Rainfall in Inches

Not applicable.

Distance to Nearest Down slope Surface Water

Not applicable.

Physical State of Waste

Not applicabie.

3 CONTAINMENT

Containment

. Method(s) of waste or leachate containment evaluatad:

Not applicable.

Method with highest score:
Not applicable.



4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated

These substances are associated with production reactor operation (See Tables
1 and 2}:

Substances in the 100 Area

uranium mercury cesium~137

lead plutonium-238 cesium-134
cadmium plutonium-239 ‘europium-152
sodium dichromate pilutonium-240 europium-154
sodium oxalate tritium europium-155
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid strontium-90 nickel-63
potassium borate copper sulfate sodium hydroxide

Reference 4, pages 2.11-2.13; Reference & (The numerous individual pages are
not included in the package, please consult the reference 6 document using
the 1ist of individual sites listed on the cover sheet of this package for
verification of which individual sites contain which substances); Reference
19

Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL

Substance Score Score Score
uranium 3 3 18
lead 3 3 18
mercury .3 3 18
dichromate 3 3 18
plutonium 3 3 18

Reference 7, pages 794-797; Reference 20.

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quantity is
above maximum):

The total quantity of hazardous substances associated with the aggregate 100
8
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Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the
individual sites and associated data for the 100 Area Liquid Waste Sites that
were used in creating the aggregate 100 Area Site. Table 2 presents the
jndividual sites and associated data for the 100 Area Solid Waste Sites that
were used in creating the aggregate 100 Area Site.

References are listed by waste site in Table 1.

Basis of estimating and/or computing waste quantity:

The volume of wastes disposed of to waste sites at the 100 Area was
calculated as the sum of the volumes received by individual waste sites. The
basis for this estimate of liquid waste volume is given in Table 1. For
purposes of developing the inventories, individual waste sites were
aggregated into groups that received similar wastes. These groups, and the
individual sites comprising each group, are identified in Table 1. Also
included in this table are a description of the general types of waste
received by the group of sites, the periocd of operation cavered by the group,
the estimated waste volume received by the group, and the references for the
waste volumes received by the individual sites. In some cases, an individual
site received more than one type of waste. If so, the site was assigned to
mere than one group and its waste volume was divided into the volumes
received by each pdrticular site group. Similar information for 100 Area
sites receiving solid wastes is presented in Table 2.

In compiling the inventory,since groundwater seeps into the Columbia River,
it is assumed that the containment associated with the surface water route

is considered not to be O, and all the waste quantities cited were available
for migration.

Reference 12; Reference 19.
5 TARGETS

Surface Water Use

Use(s) of surface water within 3 miles downstream of the hazardous substance:

The Columbia River is used as the source of drinking and process water for
the 100 and 200 areas. The intake at 100-B Pumphouse supplies water to
100-8/C, 10C0-D, 100-N, 100-K, and the 200 areas. The intake at 100-D is used
as a backup to I00-B intake. The 100~N intake supplies water to 100-N area
and Washington Public Power Supply System Generation Station attached to the
100-N reactor. The 100-K Pumphouse supplies water to 100-K area.

The Coiumbfa River both near and down stream of the 100 Area is used for
recreation.

. 9
Reference 9, pages 11.1-64-11.1-65; Reference 13, page 3; Reference 17. 0\“\%
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Area No. and Name

TABLE 1. ~ 100 AREA LIQUID WASTE SITES

100 Area Decontamipation

Waste Cribs {116-8-4,
116-B-6, 116-C-2,
116-D-1A, 116-D-18,
116-F-5, 116-F-10,
116-1-3, 116-K-2)

100 Area Contaminated

feactor Effluent Cribs and

Trenches (116-B-1,
116-8-3, 1i6-C-1,
116-p-2, 116-DR-1,
116-DR-2, 116-DR-4,
116-F~1, 116-F-2,
116-F-3, 116-F-4,
116-H-1, 116-H-4,
116-K-1, 116-K-2)

Ho. of

Haste Types Years Estimated Volume Cubic Yds References
Decontamination 1947-1970 2.3 x 106 L 3,000 Reference 6,
solutions consisting pages 13-14, 17-
of chromic, oxalic, 20, 45-48, 59-
and/or sulfuric acid 60, 6!1-62, 113~
solutjons neutralized 114, 121-122,
with soda ash. 151-152, 173-174
Solutjons were used to
decontaminate dummy
fuel elements and
reactor hardware.
Reactor effluent con- 1946-197t 3.0 x 101 | 3.9 x 108 Reference §,

taminated when fuel
element cladding
failed, Radiological
contamination
consisted chiefly of
mixed fission
products. Chemical
contamination
consisted of sodium
dichromate added to
reactor coolant as
oxfdant,

ah

pages 7-8, 11-
12, 43-44, 63-
64, 87-88, 89-
90, 93-94, 105-
106, 107-108,
109-110, 1t1-
112, 147-148,
153-154, 171-
172, 173-174



Area No. and Name

Haste Types

9 A

Years

100 Area Laboratory Haste
Cribs and Trenches
{116-8-5, 116-B-10,
116-C~2, 116-D-3,
116-D-4, 116-F-9,
116-F-13)

0 Area Fuel Storage
asdn Cribs and [venchos
(16 1-2, 1 H-h- 1A,
Ho-b-18, 11b-bit-1,
116-F-3, 116-KE-3,
116-KH-2)

—
=_
==

(:;;,‘Q;E

Wastes associated with
labs and shops in the
108 Buildings,
including 108-B
Tritium Lab and Tube
Examination Facility,
108-C Metal
Examination Facility
and 100 F Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
received nitrate from
animal wastes.

Storage hasin cooling
waler contaminated

wilh low fevels of
mixed f1ssion products

due to failure of fuel
element cladding.

1950-1976

1946-1971

{11

No. of

Estimated Volume Cubic Yds References

3.2 x 108 L 4.2 x 105 Reference 6,
pages. 15-16, 23-
24, 45-48, 65-
66, 67-68, 119-
120, 127-128

2.0 x 107 1, 2.6 x 104 Reference 6,

pages Y-10, H9-
i, (E-62, 41-

uz, 1u-tlo,
179-180, 195-196
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No. of
Area No. and Name Haste Types Years Estimated VYolume Cubic Yds References

100 Area Reactor Reactor effluents 1945-1971 6.1 x 108 1 8.0 x 105 Reference 6,
Decontamination and during reactor pages 95-96,
Maintenance Effluents maintenance 105-106, 115-
Cribs and Trenches activities. Much of 116, 125-126,
(116-DR-6, 116-F-1, the waste volume was 149-150, 173-174
116-F-6, 116-F-12, uncontaminated.
116-1-2, 116-K-2) Radionuclides present

were mainly low levels

of mixed fission

products and

activation products.

The main chemical

contaminant was

sulfuric acid, which

was used for reactor

decentamination.

Sodium dichromate was

also present in scme

of the effluents.
100 Area Reactor Prainage from 117 1960-1969 2.2 x 106 L 2,900 Reference 6,
Confinement Seal Pit Building confinement pages 42-44, 49-
Prainage Cribs (116-DR-B, system seal pits. 50, B5-86, 99-
1i6-F-7, 117-B, 117-C, Very low levels of 100, 117-118,
117-D, 117-H) contamination. 167-168
100 Area Sulfuric Acid Mercury-contaminated 1955-1971 3.7 x 104 L 48 Reference 6,
Sludge Disposal Sites sludge from sulfuric pages 181-183,
(100KE*1, 100KE*2, acid storage tanks. 185-187, 189-
100KE*3, 100KH*1, 191, 197-199,
100KH*2) 201-203

4
o
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No. of
Area No. and Name Haste Types Years Estimated Volume Cubic Yds References
[}

100 Area Miscellaneous Drainage from floor 1952-1967 3.4 x 105 L 440 Reference 6,
Floor and Sink Drain Cribs and sink drains. Very pages 21-22, 69-
{116-8-9, 116-D-6, low levels of 70, 123-124
116-F-~11) radicactive

contamination. No

chemical

contamination.
100 Area Potassium Borate Liquid potassium 4x1031L 5.2 Reference 6,
Crib (116-DR-7) borate solution. No pages 97-98

radioactive

contamination.
100 Area Gas Purification Condensate from 1955-1971 1.6 x 100 . 2.1 x 103 Reference 6,
Condensate Cribs reactor gas pages 175-176,
(116-KE-1, 116-KH-1) purification system. 193-194.

Contaminated with

tritium and carbon-14

and small amounts of

fission products.
100 Area lon Exchange Hastes from 1955-1971 3.0 x 106 L 3.9 x 103 Reference 6,

Regenerant Crib (116-KE-2)

regeneration of ion
exchange columns.
Contained sulfuric
acid, caustic, and
mixed fission products
and activation
products.

Be

pages 177-178



Area No, and Name

Haste Types Years

Estimated Volume

No. of
Cubic Yds

References

100 Area Retention Basin
Leakage (107-8, 107-C,
107-b, 107-DR, 107-F,
107-4, 107-KE, 107-KW)

100 Area White Bluffs
Pickling Acid Crib

Reactor effluent 1944-1971
containing very small
amounts of fission
products and
activation products,
Chemical contamination
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

Waste nitric and 1943-1845
hydrofluoric acid used

to pickle galvanized

piping. Acid may or

may not have been

neutralized.

TOTAL

Bf

3.0 x 1012 |

7 x 105 ¢

3.9 x 109

900

3.3 x 1012 ¢

4.3 x 109

Reference 16

Reference 16



Area No. and Name

TABLE 2. 100 AREA SOLID WASTE SITES

100 Area Metallic Haste
Burial Grounds (118-B-1,
118-B-4, 118-B-5,
118-C-2, 118-D-1,
118-D-3, 118-D-5,
118-DR-1, 118-F-1,
118-F-3, 118-F-7,

- 118-0-1, 118-11-2,
118-1-3, 118-k-4,
118-4-5, 118-X)

100 Area Construction
Haste Burial Grounds
(118-B-2, 118-B-3,
118-D-4, 118-F-1,
118-11-3)

100 Area Lab Haste Burial
Grounds (118-8B-6, 118-F-5,

118-F-6)

No. of

Waste Types Years Estimated Volume Cubic Yds References
Metallic waste 1944-1975 1,000 m3 1,300 Reference 6,
consisting mainly of pages 25-27, 33-
discarded reactor 34, 35-3H, 55-
hardware, including 56, 71-72, 17-
such items as aluminum 79, 83-B4, 101-
tubes and spacers; 102, 129-131,
lead and cadmium 135-136, 143-
containing slugs, 144, 155-157,
graphite, desiccant, 159-160, 161-
aluminum and boron 162, 163-164,
splines; lead; and 165-166, 205-207
mercury. Radioactive
contaminants,
primarily activation
products.
Construction waste, 1953-1967 48,000 w3 63,000 Reference 6,
demolition debris. . pages 29-30, 31-
Small amounts of 32, 81-82, 129-
radioactive 131, 161-162
contanination.
Low-level radioactive 1950-1975 20,000 m3 26,000 Reference 6,

wastes from 100 Area
laboratories, in-
cluding tritium wastes
and animal wastes,

89

pages
37-38, 139-140,
141-142
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No. of
Area Ho. and Hame Haste Types Years Estimated Volume Cubic Yds References
100 Area Miscellaneous Radioactivity 1944-1975 61,000 m3 80,000 Reference 6,
-Solid Waste Burial Grounds contaminated trash and pages 25-27, 39-
(118-8-1, 118-B-7, miscellaneous solid 40, 51-53, 71-
ii8-C-1, 118-D-1, wastes from 100 Area 72, 73-75, 133-
118-p-2, 118-F-2, facilities. 134, 137-138,
118-F-4, 118-11-1, 118-K) 165-167, 205-207
100 Area Burn Pits Combustible trash from 1943-197% 130,000 m3 170,000 Reference 6,
(100 8/C Burn Pit, 100 Area buildings and pages 57-58,
100/0R Burn Pit, offices. 103-104, 145-
100F Burn Pit, 146, 169-170,
100N Burn Pit, 209-210
100K Burn Pit)
TOTAL 260,000 m3 340,000 yd3



Is there tidal influence?

The site is located upstream of four dams, therefore, there is not tidal
inflyence at the site. .

Reference 5, page 2.1

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:
No fresh-water wetlands were found near the Hanford Site.

Reference 8

Distance to critical habitat of an endangered species or national wildlife
refuge, if 1 mile or less:

Although there are several sensitive and threatened species that are
residents of Hanford Site {(for at least part of the year}, no endangered
species are known to be residents of the site. Two threatened species, the
bald eagle and the ferruginous hawk, are residents of the site (for at least
part of the year). Because there are no endangered species (federal listing)
that reside at the site, there is no critical habitat to be considered in the
ranking of the 300 Area Site.

The Draft Phase I Installation Assessment of Inactive Waste-Disposal Sites at
Hanford, Volume 1, July 1986 listed the Merriam's Shrew as being on the State
Endangered Species List. This information was taken from a 1ist published in
a preliminary draft of an environmental impact statement, and, since the
referenced February 1987 1ist shows the Merriam's Shrew as only a proposed
sensitive species, it is assumed that the previous list taken from the
preiiminary draft is in error.

Reference 4; Reference 14

Population Served by Surface Water

Location(s) of water-supply intake{s)} within 3 miles (free-flowing bodies) or

1 mile {static water bodies) downstream of the hazardous substance and %

population served by each intake: \\\%
\
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The 100-8 Pumphouse (at 100-B/C Area) supplies water to 100-B/C, 100-0,
100-N, 100-K and 200 areas. The 100-D Pumphouse (at 100 D/DR Area) is a
backup to the 100-B Pumphouse. The water plant at 100-N supplies water to
both 100-N and the Washington Public Power Supply System Generating Station
which is attached to the 100-N reactor. The 100-K Pumphouse supplies water
to the 100-K area. The worker population of the 100 Area is 760 and the
population of the 200 Area is 2,355.

Reference 9, pages I1.1-64-11.1-65; Reference 13, page 3; Reference 15, page
1; Reference 4; Reference 8

Computation of land area irrigated by above-cited 1ntake(s) and conversion to
popuiation (1.5 people per acre):

There are no crops irrigated by the 100 Area intakes, and there are no
documented irrigation intakes drawing from the columbia river w1th1n 3 miles
of the 100 Area Site.

Total population served:

The total population served is calcu]ated by summing all the respective
population estimates:

760 + 2,355 = 3115

Name/description of nearest of the above water intakes:

The intake at the 100-D Area is the 181-D Pumphouse The intake at the 100-N
Area is the 181-N Pumphouse.

Reference 4; Reference 8

Distance to above-cited intakes, measured in stream miles.

The distance to the above intakes is zero because the intakes have documented
observed releases.

—

Reference 4; Reference 8; Reference 11; Reference 12
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AIR ROUTE

1 (OBSERVED RELEASE
Contaminants detected:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effluents from operating facilities at Hanford. Therefore, the air

route rating factors were not scored.

Date and location of detection of contaminants:

Not Applicable

Methods used to detect the contaminants:

Not Applicable

Rationale for attributing the contaminants to the site:

Not Applicable

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

Not Applicable

Most incompatible pair of compounds:

Not Applicable

11



Toxicity
Most toxic compound:

Not Applicable

Hazardous Waste Quantity

Total quantity of hazardous waste:

Not Applicable

Basis of estimating and/or computing waste quantity:

Mot Applicable

3 TARGETS

Population Within 4-Mile Radius

Circle radius used, give population, and indicate how determined:
0 to 4 mi 0tolmi 0 to 1/2 mi 0 to 1/4 mj

Not applicable

Distance to a Sensitive Environment

Distance to S-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable

Distance to 5-acre {minimum) fresh-water wetland, if 1 mile or less:

Not Applicable
‘\1Ili?
1
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Distance to critical habitat of an endangered species, if 1 mile or less:

Not Applicable

Land Use

Distance to commercial/industrial area, if I mile or less:

Not Applicable

Distance to national or state park, forest, or wildlife reserve, if 2 miles
or less:

Not AppTicable . -

Distance to residential area, if 2 miles or less:

Not Applicable

Distance to agricultural land in production within past 5 years, if L mile or
less:

Mot Applicable

Distance to prime agricultural land in production within past § years, if 2
miles or less:

Not Applicable

Is a2 historic or landmark site (National Register or Historic Places and
National Natural Landmarks) within the view of the site?

Not Applicable

o1
1
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HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford - 100 Area

CITY Benton County STATE WA
IDENTIFICATION NUMBER
REFERENCE ‘
NUMBER DESCRIPTION OF THE REFERENCE
1 Strontium Determination ALL Matrices, UST-RD-PM-9-80
2 Computer Printouts from Hanford Ground Water Data Base
3 Hanford Wells, PNL-5397, February 1985
4 Draft Phase [ Installation Assessment of Inactive Waste-
Disposal Sites at Hanford, Volume 1, July 1986
5 Environmental Monitoring at Hanford for 1986, PNL-6120,
May 1987 '
6 Draft Phase I Installation Assessment of Inactive Waste-
Disposal Site at Hanford, Volume 2, July 1986
7 Uncontrolled Hazardous Waste Site Ranking System; A Users
Manual, 40 CFR 300, Appendix A
8 U.S.G.5. Maps of the Area Around 100 Area
9 Waste Management Operations, Volume 1, ERDA-1538
10 Inductively Coupled Plasma Method, Method 6010
11 Hanford Stream data base printout showing Priest Rapids Dam
12 Investigation of Ground-Water Seepage from Hanford Shoreline
of the Columbia River, PNL-5289, November 1984
13 Hanford Reservation Area Worker Census, BNWL-2298, July 1977
14 Endangered and Threatened Wildlife and Plants, 50 CFR,

Part 17, Subpart 8, October 86

i3

\l“ 1{?3




PAGE __ 2 OF 2

—— com—

HRS DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford - 100 Area

CITY Benton County STATE WA
IDENTIFICATION NUMBER
REFERENCE
NUMBER DESCRIPTION OF THE REFERENCE
15 Hanford Environmental Health Foundation Drinking Water
Report, HEHF-45
16 Draft Phase I Installation Assessment of Inactive Waste-
Disposal Sites at Hanford, Volume 3 -
17 Memo to file regarding recreational use of the Columbia River
from DR Sherwood, August 26, 1987
18 Letter from RD Stenner to DM Bennett regarding Ground Water
Contaminant Plume, October 14, 1987
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STRONTIUM DETZRMINATION
ALL MATRICES

Principle

Strontium is prec¢ipitated sequentially first as rzhe
nigrarve, and then as the carvbonata. The fuming nitrice acid
separacion removes most ©f the other interifiering ions and
concentratad nitric pracipitations remove galcium. Radio-
isovopes of barium, radium, and lead are co~precipitated with
barium chromate. Iron and final traces of fission producets
are removed by a hydroxide scavenge using mixed hold back
carrier. An additicnal barium and hydroxide scavange is done
on difficulr matrices. Following a final carbonace
precipitacion, gravimeszric yield and Strontium-89°'plus
stroncium-90 activity is decermined or just Sr-83 tracer yield
is eszablished. Yttrium-90 is permicted te grow into
equilibrium wiech the strontium-930, then separated from the
strontium by successive hydroxide and oxalate pracipitarcions.
The yttrium oxalate is transferred to a counting dish, dried
undar a heat lamp. ignited to Yttrium Oxide, weighad for
chemical recovery, and counted on a low background 3eta
Properitional Counter. Decay counts are made to check the
purity of cthe Yctrium-90.

Scope: Procadures arese described for the following matrices:
milk, water, urine, feces, filter, soil, vegeraszion.
and ion exchange resin. rfood, bone, tissus and

grains are treated as vegetation.

The diffarent sample matrices analyzed as described in
the scope require slightly different prepararions. Refer to
the Appropiace Preparation Procadure; 30-19%-01l. for Biocassay
Samples and 30-20-01 for Environmental Matrices.

For Strontium analysis, varying sample types require sven
preliminary separations ¢ bring them to a commen peoint for
tha Strontium Determination steps summarized below.

e Ref. 1.1
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Milk

. Strontium is separated f£rom milk and concentrated by
aquilibracion with cation exchange resin using a batch
tachniqua. The resin after equilibration is washed with water
to remove milk solids. Strontium is desorbed from the resin
by egquilibracing with 4M NaCl solution. Strontium is
separated from the NaCl solution by precipitasing as che
carbonate.

Soil

Following leaching the sample is dissolved in 9M HCLl and
the majority of iron is removed using an isopropyl ether
extraction. The HCl solution is converted back to the nitric
form and a fuming nitric acid precipitazion is performed. The
nitric acid supernate 1s reserved for actinide (usually
pluteonium) chemistry.
Vagetation

Iin the case of vagetation (especially alfalfa) and
produce, the sample residue may contain some radicactivity.
dapending on the sulfate content of the sample. Hence,
fallowing sample preparation and a fuming nisric acid
precipation, the raesidue is dissolved in water and any
insoluble matarial is boilad wikth a concentrat=d solution of
Na3C03 zo convert the insolubls sulfate residue to the acid
soluble carbonazce (mecathesis}). The carbonace is then

rafluxed with nitric acid and combined with the soluble watar
fracrtion.

Water

for large volume sample, the sampla is acidified and
concentracted by evaporation, neusralized with ammeonium
nydroxide, and strontium then is pracipitated as the
carbonate. Strontium is precipitated directly from small
volume samples, one liter or less, by neutralizing with
ammonium hydroxide wo the rad end point of phenolphthalsin and
then adding about 25 mL saturated NasC0s.

Urine and Feceas

Following ashing, the sample salts arse disscolved in
nitric acid (aliguot of a Facal sample is analyzed), then made
basic with hydroxide and carbonate heaced and precipitcated as
the carbonats.

Ion Exchange Resin Samples

The resin is transferred o a beaker and dried and
muffled for up to 1l week or more. Sodium carbonate (NazCOj3)
is added and a fusion is performed. The fusion "caka" is
dissolved in water and a small amount of nydrochloric acid and
then raprecipitated as the carbonate.

Ref,
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Saquential Analvsas

All szmples requiring other analysis (usually plutonium
analysis) in addition to strontium must f£irst have a fuming
nitric separation is performed on the samplae residue instead
of a carbonaca.

Literaturae Referancas

Sunderman, D. N. and Townley, C. W., The Radiochemistry of
Sarium, Calcium., and Strontium. Subcommittes on
Radiochemistry, National Academy of Science - National
Rasearch Council, Office of Technical Services, Department of
Commerce, Washingzon, D.C.

Baratta, E. G. and Knowles, F. 2., Jr., Associatidn of
Cfficial Aanalvtical Chemists, 36, dMeo. 1 (1973) 213-218.

Krieger, H. L. and E. L. Whittaker, Prescribad Progeduraes for
Measurement of Radicactiwviry in Drinking Water,
EPA=800/4-80-032 August 1530. -

EML - Procadure Manual, HASL 300 Edited by Herbert L. Volcheok
and Gail de Plangue, 26th edition, 1983.

Jrine and Feces Sample Preparacion Ffrocedure, 30-3A~3P.

Sample Praparation Procedure For Enviroamental Matricas,
J0-ENV-SP.

Staevenson, 2. ¢. and Nervik, W. E., The Radiochemisterv of the
Rare Earths: Scandium., Yesrium, and Actinium. Subcommittee
on Radiochemistry, National Academy of Sgience - National
Rasearch Council, Office of Technical Services, Department of
Commerce, Washington, D.C.

Harley, J. P., Editor. Manual of Standard Procaduras. Healkh

and Safety Laborateory. United States Atomic Znergy Commission.,
New York, L976.

Reagents: All chemicals are of "reagent grade” and daionizad
watar is used throughout this procadure.

Sr carrier: 59.4 mg Sr/mL, 143.3 g Sr(NOj3)- dissolved and

dildeed to 1 liter with 2M HNO3. Calibrated to 100.0 mg SrCO3
per mL.

e e eea Raf.
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Y carrvier: 20 mg Y per mL. 23.4 g Y303 dissolved in 125 mL
conc. HNO3 and diluted to 1L liter with D.I. H30. Calibraced
to 2%.4 mg Y203 per mL.

3a carrisr: 10 mg Ba+t2/mL, 20 g Ba(NOy) dissolved and diluted
to 1 liter with D.I. water.

HNC4: {(nitcric acid).
Fuming; 9%90% (or 24M HNO3)
Concantratced; 16M HNO5,

2M HNO3; 125 mL of concentrated HNO3 diluted to 1 liter with
D.I. water.

HCl: {aydrochloric acid) concentraced or 12M HCl.

$M HCl; 730 mL of concentrated HCL diluted to 1 liter wicth
D.I. watcerv.

5M HCl: 300 mL of concentrated HCl diluted to 1 liter with
D.I. water.

CH4COOH: (glacial acecic), 17.4M.
1.3M acatic acid, 86 mL glacial acaric acid diluted to 1 liter
with D.I. wataer.

NH4C2H302: (ammonium acstata) 3M.
231 g of NH4C3H3CQ3 dissolvad and diluted to 1 liter witch D.I.
wacear.

NasCrQ4: (sodium chromaze) 1.3M.
123 g Na3CrQ4 dissolved and diiutad to 1 liter with D.ZI.
watar.

NH40H: (ammonium hydroxide) 14.7M or concentrasad.

NasCO3y: (sodium carbonace) saturaced aqueous - 223 g NaaCOj3
diluted to 1 liter with D.I. water.

NaOH: (sodium hydroxide) 12M or concentrated. 340 g of
sodium hydroxide dissolved and diluted to 1 liter with D.I.
water. .

M NaOH; 270 g of sodium hydroxide diluted to 1 liter with
D.I. water.

H2C204.2K20: (oxalic acid) 13% solution, 130 g of H32C204
dissolved and diluted to 1 liter with D.I. wager.

Collodion: 10% solution, (30 mL of collodion, 300 mL of
diethyl etgher, 130 mL of ethyl alcohol)

Matnyl red indicator, 0.1%: Dissclve 0.1 g methyl rad in 100
mL D.I. water.
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Phenylphthalein indicator. 0.1%: 1 g phenylphthalein dissolved
in 700 mL of 93% ethanol and 300 mL D.I. water.

Mixaed Co, Ca, Cs, Mn, Ni, Fe Hold Back Carrier:

This solution when prepared as below will contain 2 mg/mL
Co and Ni, 1.0 mg/mL Cs, Mn, Fe, and Ce. Transfer the
following into a 250 mL beaker:

9.91 g Ni{NO3)3.8H20 (Wickel nitrate), and
7.24 g Fa(NQO3)3.9430 (Ferric nitrate), and
3.60 g MNCL3.4H20 (Manganese chloride), and
8.07 g CoCly.8H20 (Cobalc chloride), and
2.34 g C2(NQO3)3.6H20 (Cerous nicrace)

1.27 ¢ CsCL (Cesium chloride)

Add fifty mL of water and 3 mL of 8 M nitrig¢ acia. Warm
gently until everything has dissolved, then transfer
quantitatively to a 1 liter volumetric flask. Bring the
voluma =0 1000.0 miL mark, mix wall, then pour into a storage
bottle without rinsing the volumetric flask.

Reagents for milk oniv:

Cation Exchange Resin - Dowex 30W-X8 (Na form), 30-10G0 mesh
size, available Erom Sio-Rad Laboratories. (The commercially
available H™ form 1s convercted into tThe Na™ form by mixing
1.31 of 4M NaCl and 200 mL of resin on a magnetic stirrar for
310 minutes. Tha rasin is f£ilterad in a large Buchner funnel
and washed with deionized water until the wash water 1s
Cl-free when tested with 10% AgNOy. If a whnite AgClL
precipitated forms, additional water washings are necassary.
It is advantageous to prepare enough resin for saveral
samples ahead of time.)

4M NaCl: 234 g NaCl dissolved in a 1 litsr graduated mixing
cylinder in distilled watar, then diluted to 1 liter.

10% AgNO3 Silver Nigrate: 50 grams of AgNOs3 dissolved in 300
mL of deionized wacer. Store in dark bottls, away Lrom
light.

Equipment and Marerials

Qeaxers, 2 liter, 1 liter, 250 mbL

Centrifuge

Centrifuge tubes, 100 mL plastic and/or glass, 30 amL conical
botzom

Hot plate

Heat lamp

Meekar burner
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Magnetic stirrer and stirring bar

Filter paper 7 cm GraA, Whatman =42 12.3 cm
Buchner funnel., 7 <m

Funnel, 60°

Side arm £lask, 1000 mL

125 mL separatory funnel and stopper

Wrist acticn shaker

Platinum crucible, 130 mi

Muffle Efurnace 3009C, 1000°C

Stainless steael planchet L 1/2"%, L" and cacrdboard holders
Plastic jar 230 mi or plastic vial, 23 mL
Balance, 100 g

Calculation of Strontium Activities in Urine, Feces., and
Environmental Matrices

The calculacions for manual mode or computar mode
(CALCTL for ERA samples, PERCTL for BA samples) are baSLcally
the same except that in the manual mode, results obrained
should be considered as tentative, as only the uncartainty
fFom counting statistics are considared.

1f the program is not available, use the following
calculation:

Sr-89% or Sr-20 decay corrected value =
(Sr-89%9 or Sr-90 rafarsnca valua) x e—~K &
whare:
+ = difference in refaerance date and current date

"x" = dacay constant for Sr-39 and 3r-90, expressed in the
same time uniscs as "g" = .693/tl/2.

L. Total strontium activity of the sample and the
corresponding counting uncertainty are calculated as
Eollows:

Sr (Total) dpm per sample or pCi per unit =

(C1, = BY{(Spe)ToL) % [V or W]

[2.22] X Yg x (Va or Wa)

Counting Uncertainty dpm or [pCi] per unit or [sampla] =

Ref. 1.6
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[2)] =x SQR (Cy /Ty + 8/Tg) x (dpclroer % [V or W]

whara:

[ 1 = The square brackaets indicate parameters axclusively
usad for envirenmental or bicassay analyses anly.

(dpc)ror = Disintegrations per ¢ount value corrasponding =o
the weight of Sr(NOj3j)3 in mg from the dpc table.
Sr-89 and Sr-90 actjivities are assumed to
contribute equally to the gotal activity.

<y = Gross cpm Lfrom the firse strontium counc

Ty = Sample counting time in minuxes -

a = Background cpm

Tz = Background counting time in minuces

Y = Chemical recovery of strontium expraessad as a

dacimal

(V. or W] = Volume or welignht of the sample in the same unizs &as
Va or Wy (appiicable for bicassay samples only)

Va O Wa = Volume or weight of the aliguot in the raquired
unie

2.22 = Factor for conversion of activity from dpm co pli
{only for envirconmental samples)

{21 = Two sigma uncertainty reported for environmental
samples only

2. Sr-9¢ activity of the sample and the corrasponding

counting uncertainty from ths Y-90 milking s calculatad as

follows:

Sr-90 dpm per sample or pCl per unit =

{Cy, - 8) x aK282 x (dpCly,y % [V or W!

T S ——— ——— T S = S YD S o ——— — — - Y o — ————

{2.22]) % T % Y5 x Yy % Va OF Wy

- Counting Uncertainty dpm per sample or pli per uniz =
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[2] % SQR (Cy/Ty + B/TB) x K282 x (dp€ly¥, x [V or W]

—— s - e S — — ——— D T — . Y S v " i = e

[2.22] x I X Yg X Yy X Va or Wy

- — . v ———

where:

{1 = parameters exclusively used for environmental or
bicassay analysis

Co a Gross Y-9%0 cpm

Ty = Time of ¥-90 counting in minutes

B = Background cpm

Ta = Length of background counting in minutes

akzu2 = Corraction for the decay of ¥Y-90 during the time
{82 hours) elapsed between Y-90 milking and
counting. "K" is the decay constant for ¥Y-3%0 =
0.893/64.1 hours.

(ch)Yz = Disintegrations per count of Y-20 correspoending to

the weignt of yttrium oxide and the counter used

{V or W] = Volume or weight of the total sample in the same
unies as Va or Wp for Bicassay only

Va or Wa = Volume or weignt of che sample aligquot in the units
required

[2.22] = Factor., dpm or pCi (Applicable for anvironmental
samples only)

i = Correcgtion for the fractional ingrowth of Y-%0 in
the strontium sample at the time of milking (from
thae tabls)

Yg = Gravimetric racovery of strontium as stroncium
carbonate

Yy = Gravimetri¢ recovery of yttrium oxide (weignct of
final Y404 precipitated (mg)/23.4 mg expectad).

3. ' 3r-89 Detaermination: S5r-89 activity is determined by

subtracting Sr-90 activity and ¥-90 ingrowth. wnich are
astimataed from Y-90 milking and determination., from the total
strontium activity observed during the first strontium count
with appropriate corrections for self absorption, scarsering,
and counting efficiancy.

Ref.
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Sr-89 dpm per sample or pCi per unit =

(dpm)sgo (dpM)ggg, ]
(C] = B) = wem—————e . mm————— * (1 - e-Kitl)
(dpelggy, (drcly,

whara:

11 a Parameters exclusive for
environmental or bicassay
analysaes

c.-i' v
- (dpmlggy = Disintegratians per minute of
Sr-90 nominal value befora
e correcting for factors, such as
. 2.22, Y5, volume &nd weight
-t terms as shown balow:
?i . (Cy - 3) * echz * (qpc)Yz
&v _————--4--:-:————-——— ——————
I Yy
o

(dec)sqq., (EéPely;, {9PS)sgg = Disintegration per counc of

B Sr-90, ¥-90, and 3r-89
respectively corresponding to
the countesr usad and the weighs
of strontium carbonate.

¢ (L - a=K1lEl) = Factor axprassing ¥Y-90 ingrowmn
in the srrontium sample during
the time (t; in hours) elapsed
betwean the time "tg" of the
firsg ¥-90 removal freom the
strontium sample and the first
(stroncium) count. "Ki" i3 tha
decay constant for Sr-%0 =
.693/28.8 years.

2.22 = Factor, dpm per pCi - £or
. environmental samples only.

[V or Wl = Voluma or waiqghe of the sample
in che same units as V or Wy -
anly for Bioassay analysis.

=Y
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akKity = Corraction for the decay of
Sr-89 Erom the date of first
strontium counting to the sample

date. "Ks" is the decay
constant for Sr-=89 = 0.6%3/30.53
days.

Counting Uncarsainty dpm per sample or pCi per unit =

Eg90° £3902(1 - e-K1t1)2
[2] % BQR {(C1/T; + B/T3) * —m—mmm=m=— + ——w—- S ——
it 3 (dpc)sgoz (cpc)ylz

——— e . D —— T —— ik S L —— — — —— — 0 1 W — " —

whara:

All the known uncertaincies are propagatad using a
computer programe.

SEPARATION:

1(M). Add 100 cc of Dowex 30W-X8 resin (Na-form)
aquilibrated as described in the resagent section, ko
the milk sample aliguots and stir for 3 hours using 2
magnetic stirrer. Allow thas rasin to settle for 3-10
minutes. Decant as much of the milk as possible into
a separate beaker without losing any rvesin.

2{M). Add about 300 mL of D.I. Water ©to tne rasin beakar
and stir for about one minuce using magnetic stirrer.
Allow the raesin to sasntle, dacant and discard che
supernate. Rapeat this process until visibla milk
solids (cloudiness) have been removed from the resin.

3(M) . Add 400 mi of 4M NaCl to the rasin samplie and scirw
fFor 13 minutes. Allow the resin to sestle and £ilter
through a 7-Cm GFA filter and collact the filtrare in
a 1000 mL Erlynmeyer flask. Transfer cthe MacCl
solution from the £flask %o a2 clsan 1000 mlL beaker.
Transfar the resin from che filter raesarveoir back to
che resin beaker, add 200 mi oE 4M NaCl, stir for L3

Ref.
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Solil

1(s).

2(s).

3(s).

4(8).

Watar

L(W).
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min., filteyr under is before vacuum and rinse the
resin with H30, collect the filtrate in the 1000 nL
Erlynmever flask. Add the second NaCl solution and
rinse from the flask to the 1000 mi beaker containing
tha firset MacCl sclution as wash solution. Discard
the rasin to waste.

Add 2-3 drops of phenolphthalein indicator to tha
NaCl solugion, then add conc NH40H while stirring
until the solution turns pink {(and point). Ada
70-100 mL of saturated Najz;C03, and heat for 10
minutes, chen <ool ko room temperature. Decant most

cf the suparnate to waste. Centrifuge to collaect the
precipitate remaining.

Proceed to the Sktrontium Determination Section.

KEYPOINT: Erercise extreme cadtion wnan performing
the Euming nitric acid step since a
vigorous reaction is possible if any resin
is remaining. :

Evaporats the 8M HNQO3 sample leachate to dryness.
then add about 3 mL <conc. HCL and carafully svaporate
to near dryness atc least two times.

Dissolve the sample in 9M HCl, transfer to a
separatory funnel, add about 20 mL of isopropyl ether
and shake with frequent venting for 1-2 minutes.
Rejact the ether (upper phasa). Repeat the isoprooyl
ether exzraction two more times or until the
yallowish tint indicating iron does not appear in the
ether phasa.

Transfer 9M HCl phase back to the original bsaker and
avaporate to drynass. <Convert the sample back o zhe
nicric media using 2-10 @l additions of conc. nitric
acid and cooperating to dryness aftayr sach addition.

Procased %o stap one of the Strontium Datermination
Section.

Add saturated NajzC03 directly to the water sampla or
to the waver sample that has been concenzrated by

evaporating and allow the precipitate to setrle
overnighs. Decant most ©f the s3upernate to waste and
collact the precipitare in a centrifuge tube.
Dissolve the precipitate in about 3 ml of 2M HNO,,
dilute to 20 mi witch D.I. H50 and proceed to staep 4
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of the Strontium Determination Saction.

Urine and Feces

1{u).

2(9).

gy .

Dissolve sample salts by adding about 30 mL of D.I.
watar, warm and adda 3 to 10 mL of cone. HNOs. Add
phanolphthalein indicator, and adjust to the raed end
point using concentrated NH 0H. aAdd 25 mlL of

saturatad NasC03, heat for 2-3% min. (metathesis).,
then cocol for L0 minutes.

Transfer, using D.I. water to 1 or 2 100 mL plastic

centrifuge tubes and allow the sampls teo cool for ac
least 1/2 hour. Centrifuge and decant the supernate
to waste. Add about 30-40 mL of D.I. Warer. Stir.,

centrifuge, angd decant the supernate to wasta.

Proceed to che Strontium Datermination Saction.

Ion Exchange Resin Samples

L(R}.

2(R}.

3(R).

4(R).

A prepared amount (see 30-20-01) of strontium-83 and
strontium carrvier is added to the sample in its
original container. Add a small amount of delonized
water, cap the container and shake vigorously.
Transfer the sample guantitatively to a 600 mi bheaker
(labalad with a Tech pen) with DI water Efcllowed by a
rinse witn about 5 mL of concentrated nitric acid.
The entire sample is again mixed with a stirrer and
dried under a heat lamp.

The sample is ashed to a pinkish white residus ag
300-3509¢C in a muffle furnace (process may take up to
a weak or mora) and then transfarred gquantitasively
to a platinum crucible. Na,C04 is added in an emount
aqual to 4-3 times that of the sample weight and
mixed in thoroughly. The mixture is fused ac
9¢0=100Q09C for approximately l1-2 hours.

The plasinum crucible is placed in a 600 mL beaker
and the fusion mixture is dissoclved with
approximately 200 mi of hot water. The platinum
crucible is ramoved and rinsed with a minimum of &M
HCl.

Approximataly 23 mL of sat. NajC0; is added to the
sample with stirring. After allowing the precipitate
to settlea the majority of the supernate is decanted
to wasta and the remaining is centrifugad. Procead
with the strcontium carbonate precipitate to zhe
Strontium Determination Section.

Ref.
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STRONTIUM DETERMINATION

SPECIAL SAFETY PRECAUTION: fFuming nitric acid is
used in this procedure. It can be hazardous;
especially when brought in contact with organics,
tharaefore exarcise extrame care.

All waste fractions are ¢generally saved to the end of
the procadure; afiter acceptable recoveries are
raceived they may be discarded.

Dissolva the sample residue or carbonate precipitace
in a minimum amount of HNO3 while stirring. Add
30-70 mfL of fuming nitric acid and cool in an ice
batn for 20-30 minutes. Centrifuge and save the
supernatas for Seguential Analysis Lf raguestead;
proceed teo the pluzonium procedure (20-Py-01) with
this fraction.

The fuming nitric agid addition may be dene in a
baaker firsk, then transfscred to cenzrifuge tubes,
especially in the case of soil and vegetation.

KEY POINT: The fuming nitric precipitation is an
axcaellsnt separation point for sequential
chemistry and is usually included in =she
sample preparation chemissry (30-ENV-SP).

To the precipitats, add 30-40 mL of conc. HNO3 ro
remove excass caleium. Stir, centrifuge and decant
to wasta. Repeat one or more times depending on the
calcium content of the particular matcrix.

Add 20-30 mL of warm D.I. water. Stir to dissolve
completely. If any insoluble material is present
separata this precipitate by centrifuging and
decanting the supernate to a clean centrifuge tube.

for Vegatation Samples (or any other sampole that has
been muffled) when inscluble rasidue remains afrcer
dry wasnhing: (metathesis) Transfer the insoluble
matarial to a beaker with 2ZIM HNO;, acg axcess Na2203
and boil for 135 minutes. Transfaer back to the tube,
centrifuge and decant supernate to wasse. Dissclve
precipitatse in 3-13 mL c<oac. HNO3, warm, stir.,
centrifuge and comoine this supernate with the wazer
soluble fraction.

KEY POINT: Insoluble marerial not undergoing
mercachesis should be retained until an
accaptable f{inal precipisate weighe
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recovary or tracsr racovery is
established, then it can be discarded.

Add 1=2 drops of phenolpithalein indicator and adjuss
dropwise just to Basic (pink andpeint) using ceonc.

NH40OH, then add 5 drops in excess. Add 1 or 2 drops
of mixed (heold back) carrier, allow iron and other

metal hydroxides to flocculate. Centrifuge and
transfer the supernate to a clean cantrifuge tube.
Rinse the precipitate with 10 mL of D.I. water
centrifuge and combine the supernates.

Add 10 mL of fraeshly prepared buffer solution
praepared by mixing equal amounts of 1.3M acetic acid
and 3M ammonium acetate. Add 2-3 drops of methyl red
indicator and adjust the pH to abour 5.0, straw coior
of methyl red, using glacial acetic acid.or conc.
NH40H. Heat for 3-10 min. then add 1 mi of barium
carrvier and 1 mL of 1.3M N62C504 and continue heating
£9r 3=-10 min.

Centrifuge and/ov filuer the BaCr04 through a 2" §0°
funnel {using Whatman 342 f£ilter paper) into a clean
centrifuge tube. Rinse the filter with D.I water.
Fill the centrifuge tube or tubes with saturated

NazC03, centrifuge, and decant the supernate ko
wasta.

KEY POINT: Centrifuge only if the 3alrO4 precipitate
appears t¢ be heavy, otherwisae filter.

For veagetation, soil and filter samples. Dissolve
the praecipitate in a minimum of 2M HNO3 and rep=at
steps 4, 5, and §.

Add fuming HNO3 dropwise to the precipirtate wuntcil the
affervescenca has ceased, then add 30 mi of fuming
HMO3 and cool in the ice water bath for 3-10 minutes.
Centrifuge and decant the supernate Lo waste.

KEY POINT: Add the fuming nitric very slowly at
first to aveoid sample loss due to the
affarvescense.

Wash the sample one or more times using 20-30 mL of
conc. HNO3 depending on sample matrix. High calcium
content mactrices may require up to 3 nitric acid
washes. Record the Sr-Y separation time on the
counting raguesz card.

KEY BOQINT: 1. If an unusually large pracigpizata

Ref.

1.14



L 4

10.

11.

20-Sr-02-01%
Rev. No. L, 2/86
UST-RD-~-PM-9-80

does not appear tc diminish in size
after two cong HNO,3 washes
discontinue further washes and chack
with your supervisor.

2. The time of tha last nitrie acid wash
should be considered the separation
cime.

Tf Sr-83 tracer was added, dissolve the sample
precipircace in D.I. H30 and transfer to 25 miL volume
in @ styrene jar or 20 mL velume in a plastic
(scintillation) vial and submit for a gamma count for
Sv-83 racovery.

If only Sr (cold) carrier was added, dissolve the
pracipitate in 10 mL of H30, add 25-30 mh of
saturated NajsC03, warm for 3-10 minutes, centrifuge,
and discard the supernace. Wash the precipitace
ewica with 20-30 mL D.I. H0, centrifuge and discard
rhe wash. Slurry the strontium carbonate precipitace
with 1-2 mi of D.I. H30 and transfer quantitacively
to a tared 1" or 1l 1l/2" stainless steel planchet.
Dry under infrared tamp. Cool, weigh, and racord on
the raequest card and beta count on either a Low 3eta
{plated on 1 1L/2" planchet) or a Quad Low Background
Beta proportional counter (plated on 1" or L 1/2%
planchet).

Allow up to 14 days to permit ¥-90 to grow into
aquilibrum with the Sr-90 (the ingrowth time may be
snortened if necessary provided a growth corracticon
is made).

Ref. 1.15




20=8r=-02-=016
Rev. No. L, 2/8s
UST-RD=PM-9-80

STRONTIUM-30 (BY YTTRIUM~30)

12.

13.

la.

18.

Lo Lo T BN iy J

Using 2M HENO3, carefully dissolve and rinse the
strontium carbonate precipitate from the planchex
into a 30-mL centrifuge tube. IEf Sr-83% yield
datarmination was performed, transfer from the
Styrane jar or plasti¢ and to a 100-mL tube.
Transfar one Yttrium carrier wvial containing exactly
I mL of ¥Yrerium carcrier (20.0 mg Y/mL). Rinse che
vial with D.I. water, stir and let stand for 1O
minutes.

Add 12M NaOH until a permanent clear gelatinous
precipitace forms, then add 2 to 3 mL excess and
decant supaernate to a Styrene jar for possible
re-milk. Stir, centrifuge for 53 minutes. ' Note the
Yttrium separation date and time on the analysis
request carcd.

Dissolve the precipitate with (1-2 mL) of <conc. HNO.,
dilute to approximately 25-30 mL with water, then add
conc. NH40H (approximacsly 13 mL) uneil a permanent
pracipizace forms. Add 2 wo 3 mlL excess NH 0H, scir.
centrifuge for 3 minutes and decant the suparnate to
waste.

Repeat Step #l4 then wash the precipitate with 23 aml

of water, centrifuge for 5 minutes and decant the
supernaca Lo wasta.

Dissolve the precipitate using 1 mL of conc. HCL,
cthen add 40 mL of boiling not 13% coxalic acid
solution and let stand for 3 to 10 minutes.
Centrifuge for 3 minutas and decanct and discard the
supernace. Wash the oxalate precigpitaca twize with
10 mL of water, centrifuge for 3 minutes and decant
and discard the supernate.

Transfar the precipitate with water to a previously
flamed, labeled, and tarad 1" or 1 L1/2" stainlass
steel planchat (depending on the beta countaer to be
used) with a plastic transfer pipet and dey under a
heat lamp. Ignite slowly over a Meker burner to
convert the oxalate to the oxide. Cool, weigh and
racord waight on the ragquast card, fix cthe sample o
the planchet with collodion (2 or 3 drops). and
submit for a bheta proportional count.

Ref.

a1ax=z
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20=8Sr=-02-017
Rev. No. 1, 2/3&
UST-RD=-PM-9=80

e Goz frell 055
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Computer Printouts from Hanford Ground Water Data Base
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1ELL GALLECTIM CUMBTITIEIT T.4A'L AIALY3IS  AMALYSIS
1ANE UATE A IE FLAG VALUE SPINYOR
Lebgme) 1719781 8 Yy N 0509 00 B D6 fzri%hﬁ
L=} 5409287 5¢{ ' 1,2500E+01 Y Eor %
i T
LEG)
HELL CULLECTI }I CJHITITIEIT TUAT  AALYIYS ANALYSTS
daE BAYE HACIE FLAG VALLUE SPON30I
1=l =5 410287 1a0,1~T < 1.0009E01 H
t=dl=5 /107287 1,4,2-T < 1.0000E401 H
=i}l 4/L0/7a7 ALUSIN < 1,5300E+02 H
1=t b=) y210/07 AdHad Iy $ 5,09 )E408 i
o= 4213787 AUTIO WY < 1,000JE+02 H
L={)=5 210787 ARSEUIC < 5.0004E+0D H
| ETTELE 12§04l BARIUI S.0300E+01 H
1=14=9 1/10787 BERYL AN < 5.,020)E+00 h
L ~il-l=9% 3719787 HETA 8,7100E+00 3]
i=ilj=3 q/10787 CADITuM < PRSI H
Vil j=5 qz10,87 CALCT: O 03NIE+0Y H
I=i4=9 4710287 COLFORA . 2,0909E+01 H
{=lif~5 710/47 CHLRID 6,9300E+03 H
15 4710287 CaRtan I 1,7700E¢02  H
1=d1=3 WLART C.) 49 € =1, 6004E4400 3]
IETNEL] ar1azur CILIFitN < 2,2203E400 t
1w =5 210787 C-LIDUCY 1 00E+02 il
L=olf=5 F210207 CUPPER < 1.0000E+01 H
1=t =3 W/10/87 Cy=137 $ 3. L500E400 4
1=t~ 4740747 FAL ptiH 4 1.5000E¢02 H
L=itj=y 1710767 FAHTI I} < 1 ,0000E 02 H
1=l 1=9 w1047 FARQE I < S.INJE 0 H
1=i)=5 421007 FOART H 5,5000E 401 H
1=} =3 §/10747 FUEdTLL 3 S, 0UNUE+OD h
f b} 4210707 FCAIMTY 4 2.,0304E+00 t
§=1i= 1287 FCALCIUY S, I000E+04 ]
J=it1=9 az10/087 FCHD IE 1.6A00E+02 H
=t i~5 4710287 FCOPPER < 1. 000NE+01 1]
J=li =5 /197241 FIR N < 5.0000E+0] it
i=it1=9 4210707 FLEAD < S.0000E+00 ]
RN EL 4/10/47 FLuatiD < 5.,0000E¢02 Hi
L=l §=5 §r10781 FIAGHES § L OSN0E+0Y H
I =1l}='3 17197087 F 1A IGaH 4 5, 000)E+00 H
| T T G/ 10z287 P IERCHIR < {,0000E=0] H
1=H =% H/10/87 F ILCKEL < {,0u0nE+01 H
Lwel |=5 4210487 Fusil it < 3.0009E02 H
| ER¥ B GJ/Lezar FPOTASS 4,65J00E+03 H
L=ii}=y /10247 FIELEIL < S.O00UE+00 | |
1=14=3 qr10/a7 FalLVYER < 1. N000E+01 H
1= =4 17102487 FI0al 1y 1,0000E +04 H
byl ]=1 G100 7 FATen Iy < 3.0 whls0d A

e O

C e & ¢ C v

“

e ® C C



{

‘43

£°2

v Lol et SYARYI Vi FIA iANT S,O601E¢00 F HE D
Pmil 3 4710747 FzlC n.290uEs0l ¢ ut 7
frd =l 4410747 o SJUNDNERNY 1]
1=id=3 42107487 LEADGF 4 S.N00UE+N0 H
1=l =5 1210/47 LOALP-IA 2.3L00E $0 H
{wtifmtj 17107487 H=XYLE < 1, 0000E+0] ]
=l4=5 740787 HAGHE 1 0400E 04 H
Y=il j=5 1710747 H8EGE $ §,0400E $du H
114 §=7 310741 HERCHY < 1.9000E-01 il
=it =Y G/ L0787 il < 1, 0009 +0}) H
bt 1= 1710787 AETAYCH < 1,0000Er01 H
prif~4 y710/781 HICKEL 4 1,0000E 401 H
1=t =5 1710787 HITHRATE 2. 8T00E+04 i
L=l =5 4110787 GPXYLE < 1,000UE+n] ]
Pt =5 B/ 10707 UELEUY] < I, 0u00E+02 d
[ERI L 4719707 PERCE IE < §UN00E DL H
§ =il )=} 1713787 Pil T.330J)E+09 H
1=1=3 1410207 PIOYP 1A < 1.O00JE+93 H
Lol =5 4710787 POTASIN 4,5900E #u3 H
Lot =3 141087 RADIU I < 3, 4709E=02 i
§tl §=% TACTLY ) you $  ml,9%08E¢0d 8
Juail §=h iryazat SELEN-H < SNU0UE+Q) 1]

{ ==} YALYL Y] SILVER < tLOU0UEYO] H
fril =75 1710767 st 1. 1000E ¢ud H
=ilgn3 4710787 514 94 ¢ 7,5300F91 B. BKG
o 314 L ] LX) “.' ||! ] Spsts eyt
1= 4= g S5LFATE .l :-."fu'q“"““i'-l‘
| TR L F] A0 INT TETHAIE < 1, 0000E¢ut H
I =lli}="3 1783787 136 < 0,6000E¢02 H
f=tifn 4710/417 Tix < 1,0900E+02 H
L=l 4730787 TJAICE IE < 1,0000E 01 H
§=H= 1710787 TITIan 1.0T00E+03 8
L=l1'f=% q/407871 ] 2,0TH0E$n0 B
Lol =] 4710787 VAAD b ScINOVES QD H
fall = n/10/87 ZINC 4,8100Ev0] H
LESS
HELL COLLECTIHI COMITITHE IT TJA L AMJALYIIG  AHALYSIS
WACE JATE HAE FLAG VALUE SPONSOR
&=T7=54 a/l2/81 e i,1-T < 1, 0000E+08 H
6=T77-54 0712797 Fe1,2-T 4 1,0000E¢0}) H
b=T7=34 us12/247 f.1=0IH < 3.0000E¢03 H
6-T7~44 u4r12/787 y,2=N14 < 3.000)E+03 H
6=17=51 a/12787 2= ibun 4 1,0000E+01 H
b=TT=54 u/l12/07 1234 TE 4 1, 0000E+D1 H
b=TT=54 6/12,47 123510 < 1.0000E+01 H
b=T7=754 wf12/747 1231RI] 4 1,0000E¢01 H
b=T1=54 6212787 13« lbon < 1,0000E401 H
6=17~34 6/12/87 135TR] < 1.0300E401 H
b=17w54 0/12/87 14= lbun < 1.0000E401 H
b=1T~54 0’12/07 ACETILE < 3, 0009E+03 H
b=T7=454 L/12/741 ACRYIOE < 3.0000E+03 H
b=77=54 6712207 ALKALIN L 1D00E+05 H
beI7=451 ofl2/nt ALLYLAL < 3.00709E+03 H
b=T7~454 o/1az/d7 ALY < S.UDUDDE+O} H
b T84 u/12/87 BETA 0,5100E400 H
balT=%4 ufyaznt CiL&CET < F,00U0E+UY H
bnT7m i 6732787 C ILFUn < 1.0M0)E404 H
b=17=34 utla2ng CALIORAL < 3.0009E+03 H

ik T | E}
br %

e & ¢C



b7 5~
b=17=j4
- b=TT="4
b=771=5%
b=17=34
- b=17e34
6-71=31
G=T]='94
Sr b=T7-54
b=71-5%
bul7=94
- b-~77~54
bnT7wi4
b=T7=54
- bwTT=54
G=T7=41
b=17-j4
-  b=T7=%d
b1l
b~T1=754
w b=17=4]
t=T7=54

b=T17=%94
b=TT=494
o~17-34
 b=TT=5%
b=TTe54
b=TT=31

.  beT7<454
b=TT=54
b=TT=%1
=TTl

Gl l=3%
b=T1=54
b=17=34
b=77~54
b=17=494
b=T7~51
b=77=454
6=17-54
bmT7-454
bn77=%4
b=77=%4

- b=IT=%4
6=T1-54
6=17=34

W  b=T71e34
brl7-54
brl?-54

w  beli=51
6-T7=54
L=T7=%4

o t=71='94
=17=54
«17-54

W b=T7=54
6~11=54
b=77~494

\§ bell=594
& b=T7-%4
* bl
‘o b=17-%94%
- bali=491

? 1!
w/V2/R7 Coil. YD S,T101E+03 L1
/12707 CILPRIP 4 J,09049E¢05 1]
wfleret CHHACT 2. TINIE4u2 H
g/1esnl CyYA ILi0 < F.0000E¢03 1]
6ry2s8l CYAIC L < 3,00U0E+D3 H
u/1a/ut CyYAuGH 4 J.00UDE+LS H
arztasn? DICPRIP < 3, 000)E+03 (]
wrL2s4al ETHCALD $ F,000)C¢03 H
/123787 ETUCY 4l < 3.0009E 403 1]
W/ 12787 ETHIXIN < 3,090 0E¢03 H
/12,87 FaL B < 15000 ¢02 H
a’i2/s87 FAHTT W) < 1. 0000Ern2 H
u/12/87 FARSE I 4 S,0000E ¢ ]
u/12/87 FPOALL 4 2,100k 0] H
u/l2/67 FBENYLL < S UV0VE ¢4 H
ufle/n? FCAUIY < 2,0009E 00 H
w/12/07 FCALCTu 3,5003E+09 H
ufl2/267 FCun I < 1,000JE40% H
u/12/07 FCUPIPER [4 1L0G0IE+ 04 4]
6rl2/nt FIR 1t < 5,N100E+01 ]
a/ L2747 FLUIRID 5. 0400F ¢02 H
6712747 FLUMNA & 3,0000E403 b
alt2/n7 FIHAGHES 1. Ju0CE+dY H
u/t2z47 FilAdGAH < S.UNQ0E+00 H
s/12/481 FIENC IR < 1. 0U0DE=V] H
9/)2/47 FHICKEL < 1,0000E¢01 H
w/12797 FOS 11 < 3.0000E¢02 H
6712787 FROTAIS 4,0)100E#03 H
/12787 FOELE'IT < S.0I00E400 H
a’12/207 FAIlLVER < 1.,000%E¢01 ]
w/12/87 Fyoul in t.S0JE+DY H
w/12/87 Farnpnir 4 3 0000E¢02 H
arrazaz Fyh il 2. TH00E 0] H
o/13/747 FZl1 iC {LUN0DE+0] H
o/l2zal GLYCIAY < 3. H000E+NY H
u/l2rsu7 HEXAC 1L < 1.0009E¢0] 11
w2787 HEXCHEN < 1,.000% ¢0] 1]
wfi2sul HYDRAZE < 3,0000E 4003 I
u/12/787 I1300UTY < 3,0909€¢03 H
u/i2/87 KERIIEY < 1,0000€+84 H
arsiaszay LAOALI-IA 1. 0900E 00 H
w/ta/nt A=K YLE 4 1,0000E+0] H
o/lasut HET 1 IE < 1,0000E401 1"
b/12/47 HET-IYEA < 1,0900E0] H
ur12/47 1Tzl IE < 3 0000E403 H
u/12/87 HAPIT 1A < 1. 0000E+01 H
0/12/87 HITRATE T.9500E¢03 H
w/l12/487 aprXyYLE < 1. HIODEpul H
Grl2zsar PARAL 'E < 3 MI0DE4DT H
ur127407 PENTCH) < 1. O000E+0L H
0/12237 PERCE IE % 1.0000E4n] H
u/12r7at Pl 7.3000E+00 #l
o’/12787 P T.H900E 09 H
Hhr12/171 PUE UL < 1.0000E¢0] H
YAV-¥4%4 P an. LA < 1. 0300E¢03 H
w/12/87 PROPYLA < J.0M0DE40] "
u/12/87 PRty g < 3. UM0NEF03 H
a/12/101 JILFATE 4, 1900E+04 H
afl2zsul TEYDRALE < L O0000E¢0% H
w/127087 TETuC 8 < 1,0000E40} H
w/l2zal TIC < 4. 0500E 02 1]
afl2z7at T ¥ALDL < 1. U300E+9) i
af127497 TWICE IE < 1,0900E¢91 Y

e & ¢ . @& @

“

C

e & <



REFERENCE 3

Hanford Wells, PNL-5397, February 1985




HELL INIT. ‘ AT
ILL DEPTH DEETH TO HIN-KA
BE?ESE&?E?E COORDINATES c:{::“ ggprn (FT) TO DIA. BOTTOM  PERFORATED COBE. DE§?2:§$ION COMMENTS
EHA NO 1rT-asL)  (ET) WATER  (IN) (FT) DEPTH (FT) {H-Y) I
- PUNP
199 H3 ) PN 34 42).98 75 45 8.9 75 29 - M4 868 SAMPLE
lase L YT TEY)
199 H4 1 P" 433100 YR T 75 6.9 a8 25 - 5§ 3-52 187-B-1 CABING REMOVED
1875 W 8la4ss
199 B4 2 pu 195300 128.4) 386 3 6.8 3il 25 ~ 50 5-52  1@7-H-2 CONFIHED AQUIFER
1876 W 238565
N B963173 i T
1% me 3 p 418.35 55 39 6.9 55 34 ~ 55 5-74 SAMPL
1877 W B13a&es

N #935¢60 -83 SCREEN 33-43 GRODTED
CI?%;;EE:::;) P 4.36 55 36 6.8 3 s SAMPLE PUMP
W 838685

(jé%*:;—~——:39u 996639 "6.26 o 36 6.9 : 5-83 SCREEN 32-42 GROUTED
o 73“""5 '

SAMPLE RUNP
H 839965

R 836473 19,8 55 41 6.4 54 5-83 SCREEN 39-49 GROUTED
199 B4 6 B 419.58 . SAMPLE PUMP
1874 W 948245

1°€ 49y




FAS S Ll

£e

WELL INIT.
DESIGRATION CASING  DRILL DEPTH DEPTH TO HIR-MAX DATE
----------- COORDIHATES ELEV, DEFTH (FT} TO DIA. BEOTTOH  PERFORATED COMP. FORMER
EHA WO, (FT-H5L) (FT) WATER {18} {FT) DEPTH (FT) (H-Y} DESIGNATION COMHENTE
N 986157 -
199 B 1 P 456.10 180 54 8. 62 34 - 95 5-64
1588 W 869593
0 456.37 60 50 1.59 i - 68 10-64
456.38 98 55 1.5 88 ~ 98 19-64
0 456.36 74 55 1.58 12 -4 19-64
N 986577
199 N 2 B 459.83 125 57 8.8 95 35-128 6-64 PLUG AT 95
1904 H 869386
o 468,18 7% 57 1.59 60 - 19 14-64
» 6000 122 57 Lse 132 112-122 19-64
0 602 187 61 1.5 195-197 19-64
R 460.19 78 1.59 7 - 19 19-64
H #86365
199 N 3 p 45%.45 125 63 8.9 4 34 - 95 6-64 GANELE PUMP
1836 H 960828
o 53,72 68 1.59 68 - 68 19-64 REHOVED
P 159,71 122 1.58 112-122 19-64 RENOVED
0 459.72 98 1.50 36 ~ 98 10-64 REHOVED
R 459.71 ai 1.58 78 - 8@ 19-64 REHOVED
N 985921
P 456,73 159 52 8.9 73 59 - 68 6-64 CEMENT BRIDGE €73 FT
B3 W BEBR42 EAHPLE PUMP
0 457,90 63 54 1.5 50 - 60 1-64 REHOVED 6-74
? 457,98 138 1.58 128-138 10-64 BEHOVED 6-T4
2 457.90 123 1.5 113-123 18-64 REHOVED 6-74
R 457.99  1es 1.58 193-195 19-64 REWOVED 6-74
8 457 .90 78 1.58 76 - 18 19-64 REHOVED 6-74




vie

£°¢ "4

INIT.
DEsleaRTIon . CASING  DRILL DEPTH DEPTH 40 MIN-MAX DATE
N "CoompINATES  ELEV. DEPTH {FT) 7O DIA.  BOTION  PERFORATED  COMP. FORMER
ey (FT-MSL)  (FT) WATER (IN)  (FT)  DEPTH (ET) (H-¥)  DESIGRATION COMMENTS
: N 074590 »
YR TR T 379.27 v 6.8 15 §-43  HR-11 PILLED IN WITH SILT
w §23358
n 014658 ‘
IR LI 18000 36 6.8 36 5-43  UR-12 FILLED IN WITH SILT
“ 92316
¢sy 1 375.91 19 24.0 19 4- @ REF.2 NO.79  FILLED IN
Lsy 16 3 414.89 a1 36.8 @- 8 13/25-3D1  DUG HELL
REF.7
» 076925
€95 11 )4 2 397.24 21 72.8 21 @- 8 TI4N R27E  FILLED IN
w3435 z-N
I
659 11 M 12,28 158 35 6.8 82 32 - 82 4-57 CEHMENT PLUG AT B2FT
4500 W 06150 SAMFLE BUMP
K 816608
€59 17 4) ¢ 137 44 2.9 “" 9- 8 REF.2 NO.74  FILLED IN
" 812500 51618
N 876708
¢ 460.59 158 B4 4.8 118 19 128 5-57 CEMENT PLUG AT 120¢T
W 854168 SAMPLE FUMP
699 18 36 465.08 38 48.6 6- 8 REP.2 NO.28  PILLED IN FARM WELL
4489 N.RUH HO.4
N 876059
699 78 45 P 432,98 36 60.9 8- @ REF.2 NO.111 PILLED IN
W 844625
N 877759
699 78 62 P 469.88 159 76 6.2 109 79 -120 5-57 415 SCREEN 67-197 ET
4511 H 062380 EAMPLE PUMP
699 79 194 77498 699 37B  16.8 783 429-678 2-53  PSN 515 ARMY CAMP WELL

14/25-31n1
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WELL
DESIGHATIOCR
----------- COORDINATES
EMA NO
N §71008
{195 B3 _V'p
185 W 979834
N 871752
199 B3 P
1852 W #78816
1856
1857
N $Te069
199 B4 P
1653 W 9088658
R 869933
199 B4 P
1854 H 888672
K 969933
159 B4 P
1855 W 988636
H 868978
199 B4 P
1891 W 969367
H 869934
193 BS P
1895 W 982080
H 967375
199 B8 3
W 909499
H 667499
199 BB P
W 9608086
H 867455
195 B8 p
W 861118
H §67519
199 BB P
W #681420

CASING

ELEV.

{FT-USL)

442.59

443.38
442.81

461.60

461.99

461.75

472.14

455.56

494.5%

495.59

488.59

468.59

INIT.
DRILL BEPTH DEFTH 70 HIN-HKAX DATE
DEPTH (FT) TO DIA, BOTTOM  PERFORATED COMP, FORMER
(ET) WATER  [IN)  (ET) DEPTH (FT) (H-¥) DEBIGHATION
63 46 8.9 63 20 - 69 3-53 197-B-1
799 26 8.9 768 635-645 8-53  1@7-B-2
778 1.58 758-718 3-78
642 42 1.58 429 632-642 3-78
98 65 8.0 63 58 - 58 2-49  148-8-1
9% 63 6.8 86 62 - S8 2-49  188-p-2
sl 63 8.9 86 68 - 38 2-49  1#B-B-3
185 76 8.8 96 49 -192 9-69
151 58 8.9 189 4 -148 8-62
75 8.8 76 NONE . 3-51 C431-}
25 6.8 26 HONE 4-51  C431-2
25 6.# 26 HONE 4-51 C431-3
25 8. 26 HOMNE 4-51  C431-4

COHMENTE

GAHPLE PUMP

SAMPLE PUMHP

PLUG AT 86

PLUG AT 86

EAMPLE PUME

PLUG AT 180

NHOT ACCESSIBLE

CASING REMOVED

CABING REMOVED

CABING REHOVED
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HELL INIT.
DESIGNATION CASING  DRILL DEPTH DEPTH TO  KIN-HAX DATE
----------- COORDINATES  ELEV. DEPTH (FT) TO DIA.  BOTTOM  PERFORATED COHP. FORMER
EBA KO, (FT-WSL)  (FT) WATER (IR)  (PT}  DEPTH (FT) (H-Y)  DESIGNATION COMHENTS
N 993328 .
199 ps 7 p 465.51 35 8.9 36 3-49  197-DR-4 CASING REMOVED
H 852148
N 993528
199 D5 @ p 45.57 31 8.8 32 3-49  197-DR-5 CASING REMOVED
W 852099
N 993520
199 b5 9 P 462.57 3s 8.9 16 3-45  197-DR-6 CASING REHOVED
W 851999
199 b5 18 464.57 28 DRY  8.@ 29 M- 4-57  19@-DR-1
199 b5 11 464.57 27 DRY 6.8 28 - 27 4-57  108-DR-2
N 992125
@55 b5 daJe 469.67 91 85 8.8 91 35 - 98 8-69 GAMPLE PUNP
= W 852546
199 D7} 420.99 51 8.9 51 8- & TLN R26E FILLED IN
14-F1
199 b7 2 420.99 39 84.8 192 8- &  TIN R26E FILLED IN
14-F2
N 995219
199 pa 1 p 480.89 37 6.9 kY, 5-43  HR-9 FILLED IN
W 853148
N 954725
199 p8 2 P 444.61 77 DRY 0.0 i W - 78 6-52  187-p-1
1861 W 95318
N 994728
199 8 3 p 445.86 81 62 6.9 ] 35 -79 6-52  187-p-2 SAMPLE PUNP
1862 W #52205
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HWELL INiT,
DESIGNATION CASING  DRILL DEPTH DERTH TO HIN-MAX DATE
----------- COORDINATES ELEV, DEPTH (FT) 70 DIA. BOTTOM  PERFORATED COHP. FORMER
EMA NO, (ET-M5L) (FT) HWATER (1n) (FT) DEPTH (FT) (n-¥) DEBIGHATION COHHENTS
133 Kk 13 464.498 158 32 12.9 138 3-53 lis-x OIL IH MELL
199 X UM 469.85 95 8.8 95 12-52 185-K0-1
. N #877168
199 Kk 15 P 480.98 158 6.9 159 4-43  U.B.E.b.TH,
H 865058 HO. }
N 876348
199 K 16 P id4.09 50 a.s 58 2-53 185-xE-1
W 067888
199 X 17 486.99 15 8.1 15 58 - 18 9-53  185-Kg-2
189 x 18 489.00 63 21 8.0 1 18-54  197-KE-3
1879 '
R 87808¢
199 K 13 P 422.17 51 38 8.8 5l 13 - 59 4-55  197-XE-4 BCREEN 26-46 FT.
1884 W #7888 EAMPLE PUMP
H #75528
199 K 228) P 422.57 e 3] g.9 48 18 ~ 58 5-55% 197-Ke-5 EMMPLE FPUMP
85 W 966125
H @86088
199 KX 21 P 421.72 5§ DRY a.4 16 138 - 54 5-55 187-KE-6
1886 W B66po8
N @8130p
199 k 22 p 421.68 58 3 a.d 19 19 - 58 5-5%  187-%E-7 #15 ECREEN 29-4% FT.
lsay W 865008 SAMPLE PUMP
N g7g088
199 x 23 ¢ 495.08 88 DRY Q.8 25 65 - 69 2-56  17d6-KER-1
W 8cdoesd
R 9778880
199 K 24 P 467 .08 50 8.9 58 HORE 12-52  M5-KH-2
H 869008
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2,0 DESCRIPTION OF HANFORD SITE

This section provides a summary of environmestal conditions at the
Hanford Site and a brief discussiun of the Site's purpose and history. [t
also describes specific environmental features and the the process history of
each operational area (i.e., the 100, 200, 300, 400, and 600 Areas).

2,1 ENVIRONMENTAL SUMMARY

The semiarid Hanford Site, operated by the DOE, occupies about 1,476
squara kilumeters (570 sq mi) of the southeastern part of Washington State
north of where the Yakima River flows into the Columbia {see Figure 2.1). The
Site lies about 320 kilometers (200 mi) east of Portland, Oregon, 270 kilome-
ters (170 mi) southeast of Seattle, Washington, and 200 kilometers (125 mi)
southwest uf Spokane, Washington.

Environmental conditions common to all areas at Hanford Site are
summarized below. Descriptions of these environmental aspects are based on

several recent reports (U.S. DOE 1984; Sommer et al, 1981; Yandon 1977; U.S.
ERDA 1975).

2.1.; Geology and Soils

The Hanford Site lies in the Pasco Basin, & structural and topographic
basin of eastern Washington and the Columbia River B8asalt Plateau. The region
is underlain by threes geclogic units. In ascending order these are: 1) the
sequential beds of basaltic lavas and interbed sediments of the Columbia River
Basalt Group at the base; 2) the Pliocene-age Ringold Formation (lacustrine
formation), consisting of well-rounded pebbles and cobbles with interstitial
spaces filled with medium sand; and 3) the Hanford Formation, consisting of
the Pasco (glaciofluvial) gravels and d4ssociated sediments of the late
Pleistocene age lying at the surface.

The surface geology of the Site is characterized by a surface layer of
light brown, fine, slightly silty, wind-deposited sand, sparsely coverud by
vegetation. Although the surface soil is fertile, it has lictie agricultural
value without irrigation. Underlying the surface sands is a mixture of sand

2.1
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and gravel extending to a depth of about 60 meters (200 ft). Basaltic rock
starts at that depth and extends downward over 3000 meters (1.9 mi).

Elevations range from a low of about 105 meters {345 ft) above mean sea
level (MSL} in the southeastern part of the Hanfurd Site to a waximum of
1,091 meters (3,579 ft) at the crest of Rattlesnake Mountain to the west.
(See Section 2.3 for a discussion of geologic features peculiar to each
aperational area.)

2.1.2 Metevrology

The Site lies east of the Cascade Mountains and, as a4 result, has a
semiarid climate reflecting the rainshadow effect of the mountains. The
average annual precipitation for the Site is about 160 millimeters (6.3 in.).
Ten percent of this amount falls from July through September, and 42% falls
from November through January. The greatest amount of rainfall recorded in a
12-hour periud was 47.8 millimeters (1.9 in.).

Because of the limited rainfall, surface runoff from the Hanford Site is
minimal. The annual precipitation mostly evaporates, resulting in small
amounts of water available for runoff or infiltration.

2.1.3 Hydrology and Hydrogevulogy

The Columbia River (the fifth largest river by volume in North America)
is the dominant aquatic ecosystem on the Hanford Site. Numerous dams have
been built on the river. The only free-flowing section in the United States
is between Priest Rapids Dam and McNary Reservoir, along the Hanford Site. No
significant tributaries enter the stream in this section.

The Columbia has a long-term annual average flow of about 3,600 cubic
meters per second (127,000 cfs). [The Yakima River, by comparison, flows an
average of about 90 cubic meters per second (3,180 cfs).] The flow rates of
the Columbia are influenced by water usage and upstream reservoir projects.
The reservoirs provide active storage of more than 4.6 x 1010
(37,000,000 acre-feet) of water.

cubic metars

The uppermost aquifer in the Pasco Basin is an unconfined system within
the Hanford and Ringold Formations. The elevation of this aquifer ranges from

2.3
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gxcluded from public use by the DOE and are used as a W

i1dlife refuge and for

DOE environmenta] research. The land north of the Columbia River is

controlled by the Washington State Department of Game a

nd the U.S, Fish and

Wildlife Service as controlled hunting areas and a game refuge.

Land use within a 50-kilometer (30-mi) radius of the Site includes

residential, suburban, corpordte city, agricultural, in
marcial, scenic, recreational, and general use areas.
tands within the 50-kilometer (30-mi) radius is agricul
located along or near all the Site boundaries.

2.1.6 Popuiation

dustrial and com-
The predominant use of
tural, with farms

Population in the area surrounding the Hanford Site is sparse, consisting
arimarily of farms and farming communities to the north, east, and west of the

%ite. The Tri-Cities (Kennewick, Pasco, and Richland),
and southeast of the Hanford Site, represent the major
tion in the area (Sommer et al, 1981).

located to the south
population concentra-

In 1980, an estimated 341,000 people were living within an 80-kilumeter
{50-mi) radius of the Hanford Meterological Station (HMS) (see Figure 2.4); it
is estimated that the number will grow to 417,000 by 1990.

2.1.7 Air Quality

Air quality in the vicinity of the Hanford Site is generally quite good.
4ind-eroded dust is a problem in the area, and the dust storms that occur in
the region can produce high total-suspended particulate concentrations. How=

ever, on bath an annual and a short-term basis, the region is in compliance

with the National Ambient Air Quality Standards (NAAQS)

far particulates. All

other pollutant levels also satisfy the federal and State of Washington

standards (U.S. DOE 1984).

2.2 PURPOSE AND HISTORY

In 1943, after the Fermi experiment showed that nuclear fission could be
Controlied in a small reactor, the U.S. Army Corps of Engdineers selected
1]
4nfurd as the lacation to build larger versions of the Fermi reactor to

or . . c e
Oduce plutonium for possible use in military weapons.

2.9
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in March 1943 on three reactor facilities and three chemical procassing
facilities. The first of the reactors went into operation about 18 months
after the start of construction, and the first plutonium was available some
4 months later,

After World War II, five reactors similar to those built during the war
sere constructed. A total of eight graphite-moderated reactors used the
wlumbia River for once-through cooling (i.e., water circulated through the
~eactors only once before being released back to the river).

Early in the 1950s construction began on the research and development
facilities known as the Hanford Laboratories. This marked the first diversi-
fication of Hanford from a purely defense-materials production facility to one
neavily involved in peacetime uses of the atom.

In 1963 the N Reactor was built. The N Reactor is different from the
vther eight reactors in that it generates steam as a by-product of the
plutonium production and does not use river water as a once-through coolant.
Since 1966 the Washington Public Power Supply System has used the steam to
generate electricity.

A presidential decision was made in early 1964 to begin shutting down the
older Hanfard reactors. This decision resulted in the closing down of all
eight of the uider reactors by the end of 1971, leaving the N Reactor as the

only operational productien reactor.

2.3 DESCRIPTION OF OPERATTONAL AREAS

Environmental features specific to each operational area are described
Delow; the waste-processing history of each area is also discussed. Each drea
s identified by number (i.e., 100, 200, 300, 400, and 600) and by letter
(e.g., the 100-F Area is the location of the 100-Area F Reactor). Appendix 8
provides further information on waste-disposal site locations and types of
Waste-procassing facilities in Hanford's operational aresas.

2.3.1 100 Areas

The nine 100 Areas (B8, C, D, DR, KE, KXW, F, H, N) border the Columbia
River in the northernmost part of the Hanford Site. Each of the nine dreas

2.11
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has one production reactor. Eight of these reactors have been shut down; only
the N Reactor, used for both plutonium and electricity production, is still
operating. Because some of the areas are contiguous (8/C, D/DR, KE/KW), the
Hanford Site map shows only six 100 Areas (Figure 2.1).

The 100 Areas are generally flat with no major surface featuras. The
Hanford Formation lies near the surface of the 100 Areas, covered by a thin
layer of wind-deposited silt and fine sand. The water table is found in these
sediments at a depth of about 20 meters (66 ft), except in the F and H Areas
where the depth to the water table is about 35 meters (115 ft) and 40 meters
(131 ft), respectively. The depth to the Ringoid Formation is about 25 meters
(82 ft); the top of the basalt bedruck is approximately 240 meters (790 ft)
below the surface.

Because the water table occurs within the highly permeable sandy gravels
of the Hanford Formation, it fluctuates as the river level rises and falls,
The ground water generally flows from the 100 Areas and toward the river.
When active, each of the 100 Areas included support facilities such as power-
houses. Except for 100-N, these powerhouses produced process steam from
coal-fired boilers; 100-N has oil-fired boilers. Adjacent to each area's
powerhouse were large storage areas that received railroad carloads of coal
and disbusa] areas for flyash/clinker disposal. Most areas also included
water-treatment plants, water-storage tanks, subsurface sewage-disposal
systems, raw-water intake structures, and process sewers,

B and C Areas. The B8 and C reactors are located adjacent to each other
on a 2.6-square-kilometar (650-acre) site {the 100 B/C Area) and are the
farthest upstream of the 100 Areas. The B Reactur was operated from 1944 to
1968, and the C Reactor was operated from 1952 to 1969. Virtually all the
facilities in the area are inactive, with the exception of the B/C export
water system, which continues to provide the raw water supply to the 200 Area
and some 100 Areas. An electrical substation in the area taps power for the
pumps providing the 200-Area water. Fewer than 100 people work in this area
(Yandon 1977).

When the redactors were operational, cooling water was drawn from the
river and treated with alum, sulfuric acid, and chlorine. Excess sulfuric

2.12
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acid was used to maintain the pH of the water within a desired range. To
control oxidation of aluminum parts in the reactor, sodium dichromate was used
to maintain an oxidation coating on aluminum parts. The chlorine was added
for algaa control in the settling basins; at times copper. sulfate was added
for additional algae control. Chromic acid, oxalic acid, and nitric acid were
usad for dummy fuel-element decontamination.

In addition to vertical safety rods for emaergency reactor shutdown, the
reactors wers equipped with hoppers of nickel-plated boron steel bails,
nickel-plated carbon steel balls, and stainless steel balls that would drop
into the vertical safety rod channels for emergency shutdown. This system
required no supplementary power source. Although it was naever used, a third
safety system, one invalving the use of a potassium borate solution, was in
pldce at The reactors.

A supplementary control system, in addition to the normal horizontal
control rods, was incorporated into the reactors. This supplementary centrol
system consisted of a Poison(a) Column Control Facility that could charge
salected procass tubes with a lead-cadmium poison to absorb neutrons. Boron-
carbide aluminum poison splines weare also used for supplementary control.

~ The coolant water system and backup control and shutdown systems at the
uther 7 once-through-cooled reactors were similar to the thosz in
100 B/C Area.

D and OR Areas. The 100-D/DR Areas, covering about 3.9 square kilometers
(970 acres), are located 1l kilometers {7 mi) downriver of the 100-8/C Area.
The D Reactor was operated from 1944 to 1967 and the DR Reactor from 1550 to
1965. These areas are extensively used, and their utilities and services are
still in operation. The electrical substation serves as a backup supply for
the 100-N Area. The water system is a backup system for the L00~B water
system, which supplies water to the 200 Areas. The UNC Nuclear Industries
engineering laboratory hers is operated in support of the N Reactor.
Approximately 20 people are employed in the D and DR Areas (Yandon 1977).

m
(1)

The term poisun refers to a material's ability to absorb neutrons and
thus cuntral the rate of fission.

2.13
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2.0. BACKGROUND INFORMATION
2.1. DESCRIPTION OF THE HANFORD SITE

K. R. Prica, P. J. Mitchell, and M. D. Freshiey

The U.S. Department of Energy's Hanford Site is located in a rural region of south.
eastern Washington and occuples an area of 1,500 km2 Tha Site (shown In Fig-
ura2.1) lies about 328 km northeast of Portland, Qregon, 272 km southeast of
Seattle, Washington, and 200 km southwest of Spokane, Washington. The Columbia
River flows through the northemn edga of the Hanford Site and forms part ot the
eastern boundary. The southern boundary of the Site includes the Rattlesnake Hiils,
which exceed 1000m In elevation, Both conflned and unconfined aquifers are
present beneath the Site. The main geologle units are the Columbia River Basait
Group, the Ringold Formatlon, and a serles of glaciofluvial sediments. The Hanford
Project was established In 1943 and was originaily designed, built, and operated to
producs plutonium for nuclear weaapons,

SURFACE CHARACTERISTICS OF THE varies from approximately 300 m to about 10CG0

SITE m. The flow through this stretch of the river is

relatively swift, with numerous bends and several
The semiarid land on which the Hanford Site is islands present throughout the reach..
lecated has a sparse covering of desert shrubs e .
and droughnresistant grasses. The most The tiow rate of the C}oiumbla :Fhver in this region
broadly distributed type of vegetation on the is regulated primarily by Priest Rapld;_Dam.
Site is the sagebrush/cheatgrass/biuegrass com- Hanford reach flows fluctuate significantly
munity. Most abundant of the mammals is the because of the relatively small storage capacity
Great Basin pocket mouse. Of the big-game ani- and operatton.a!.practices of the nearby upstream
mais, the mule deer is the most abundant, while dams. A minimum flow rate of 1,000 cubic
the cottontail rabbit is the most abundant of the meters per second (ms) {36,000 cubic feet per
smatl-game animals. Coyotes are aiso abundant. second {cfs)] has been established at Priest
The bald eagle is a regular winter visitor to the :Splds- Typicat daily flows range from 1,000
relatively large areas of uninhabited land com- ~/s (36,000 cfs) to 7,000 m¥/s (250,000 cts)
prising the Hanford Site. with peak spring runoff flows of up to 12,600

me/s (450,000 cfs) being recorded. Typical
The Columbia River, which originates in the annual average flows at Priest Rapids Dam ae
mountains of eastern British Columbia, Canada, 3,100 m¥s (110,000 cfs) to 3400 ms
flows through the northem edge of the Hanford (120,000 cts). Monthly mean flows typically peak
Site and forms part of the Hanford Site's eastern from Aprl through June and are at the lowest
boundary. The river drains a total area of levels frem Septembzr thiouch Cetcber.
approximately 70,800 km2 enroute to the Pacific o :
Ocean. The flow of the Columbia River is The temperature pf the Columbia River varies
requiated by 11 dams within the United States, 7 seasonally. ~Minimum temperatures are ob-
upstream and 4 downstream of the Site. Priest served during January and February while maxi-
Rapids Dam is the nearest impoundment up- mum temperatures typically occur during August
stream of the Site, and McNary Dam is the qnd September. Mont!‘tly temperatuyres for the
nearest dam downstream. (The Hanford reach of river range from areeeximately 3°C to about 20°C
the Columbia River extends from Priest Rapids during th.: ..uw.o .. a year. Water storage
Dam o the head of Lake Wallula, which is management practices at upstream dams and
created by McNary Dam.) This is the only stretch the tlow rate of the river dictats, to a large extent,
of the Columbia River within the U.S. that is not the thermal characteristics of the Columbia River
impounded by a dam. The width of the river along the Hanfard reach.
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The Columbia River system has been deveioped
extensively for hydroelectric power, flood coi-
trol, navigation, irrigation, and municipal and
industrial water suppiles. In addition, the Han-
ford reach is used for a variety of recreational
activities including fishing, hunting, boating,
water skiing, and swimming. The State of
Washington has classified the stretch of the
Columbia River from the Washington-QOregon
border to Grand Coulee Dam (which includes the
Hanford reach) as Class A and estabiished water
quaiity criteria and water use guidelines for this
class designation. Because these criteria do not
include specific limits for radionuclides, Environ-
mental Protection Agency (EPA) and State of
Washington drinking water limits were used for
comparison. Other surface water on the 3ite
consists of West Lake {a small, natural pond)
and a number of ditches and artiticial ponds
created for routine disposat of waste water.

Hanford's climate is dry and milgd; the area
receives approximately 16 cm of precipitation
annually. About 40% of the total precipitation
accurs during November, December, and Janu-
ary; only 10% fafls in July, August, and Septem-
ber. Approximately 45% of all precipitation from
December through February is snow. The aver-
age minimum and maximum temperatures in July
are 16°C and 32°C. For January, the average
temperatures are 3°C and -5°C.

Monthly average wind speeds range from about
10 kevh in the summer to 14 knvh in the winter.
The prevailing regional winds are from the
northwest, with occasionai cold-air drainage into
valleys and occurrences of strong crosswinds.
The region is a typical desert area with frequent
strong inversions that occur at night and break
during the day, resulting in unstable and
turbulent wind conditions.

Land near the Hanford Site is primarily used for
agriculture and faor livestock grazing. Agricuitural
lands are found north and east ot the Calumhbia
River and south of the Yakima River. These
areas contain orchards, vineyards, and fields of
alfaifa, wheat, and vegetabies. The Hanford Site
norh of the Columbia River is shared between a
state wildlife management area and a tederal
wildiife refuge. The northeast slope of the Rattle-
snake Hills along the southwestem boundary oi
ihe Site is designated as the Arid Lands Ecology
Reserve (ALE} and is used for ecological
research by DOE.
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The major population ¢enter nearest o the Han-
ford Site is the Tri-Cities area (Richland, Pasco,
and Kennewick), which is situated on the Colum-
bia River downstream from the Site and has a
population of approximately 90,000, Approxi-
mately 340,000 people live within an 80-km
radius of the Hanford Site. This number includes
people living in the Tri-Clties, the Yakima area,
several small communities, and the sumounding
agricultural area. More detait on Site charac-
teristics and activities is available in "The Final
Environmental Statement, Waste Management
Operations, Hanford Reservation” (ERDA 1975).

SUBSURFACE CHARACTERISTICS OF
THE SITE

The DOE operations on the Site have resulted in
the production of large volumes of waste water
that have historically been discharged to the
ground through cribs, ditches, and ponds.
These discharges greatly influence the physics
and chemistry of the subsurface. Approximately
25 hilfion liters of liquid effluent in the 200 Areas
and 2.6 billion liters of liquid effluent in the
100N Area were disposed o the ground during
1988, including procass cooling water and water
comaining low-levet radioactive wastes. The dis-
charge of waste water to the ground at the
Hanford Site began in the mid-forties and
reached a peak in 1955. After 1955, discharge
to cribs declined because of improved treatment
of waste streams and the deactivation of various
facilities (Graham et al. 1981). Since the restart
of the Plutonium and Uranium Extraction
{PUREX) Ptant and related facilities in late 1983,
discharge of PUREX-refated effluents has
resumed.

Subsurface structures, such as cribs, have
primarily been used for the disposal of water
containing radicactive wastes, while surface
ponds and dilches have primarily been used for
the disposal of uncontaminated cooling water
(Graham et al. 1981). Sanitary wastes are
discharged to the ground vig tile fields. The
majority of liquid disposal occurred in the Separa-
tions Area, which includes the 200-East (2C0E)
and 200-West (200W) Areas (Figure 2.1).
Smaller amounts of waste water were disposed
in the 100 and 300 Areas. Discharges of waste
water to the ground in the 400 Area were
minimal,
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the Ringold formation has been removed.
These sediments were deposited by the an-
cestral Columbia River when it was swollen by gia-
cial meitwater. The glacicfluvial sediments con-
sist primarily of gravels and sands, with some
siits (Newcomb, Strand and Frank 1972).

Hydrology

Both confined and unconfined adquifers are
present beneath the Hanford Site. The confined
aquifers, in which the ground water is under pres-
sure greater than that of the atmosphere, are
found primarily within the Columbia River basaits.
In general, the unconfined or water-table aquiier
is logated in the Ringold Formation and glacio-
fluvial sediments, as well as socme more recent
alluvial sediments in areas adjacent to the Colum-
bia River (Gephart et al. 1979). This relatively
shallow aquifer has been ailected by waste-
water disposal at Hanford more than the
contined aquifers {(Graham et al. 1881). There-
fore, the unconfined aqguifer is the most
thoroughly manitored aquifer beneath the Site.

The unconfined aquifer is bounded Delow by
either the basalt surface or, in placss, the rela-
tively impervious clays and silts of the lower unit
of the Ringold Formation. Laterally, the uncon-
fined aquifer is hounded by the anticlinat basalt
ridges that ring the basin and by the Yakima and
Columbia rivers. The basalt ridiges above the
water table have a low permeability and actas a
barrier to lateral flow af the ground water
{Gephart ¢t al. 1979). The saturated thickness of
the unconfined aquifer is greater than 61 m in
some areas of the Hanford Site and pinches out
along the flanks of the basalt anticlines. The
depth from the ground surface to the water table
ranges from less than 0.3 m near the Columbia
River lo over 106 m in the center of the Site.
The elevation of the water table above mean sea
levelfor June of 1986 is shown in Figure 2.3.

Recharge to the unconfined aquifer criginates
from severai sources (Graham et al. 1981). Natu-
ral recharge occurs from precipitation at higher
elavations and runoft from ephemeral streams to
the west, such as Cold Creek and Dry Creek.
The Yakima River recharges the unconfined
aquifer as it flows along the southwest boundary
of the Hanford Site. The Columbia River re-
charges the unconfined aquifer during high
stages when river water is transferred to the
aquifer aiong the river bank. The unconfined
aquifer receives little, i any, recharge from pre-
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cipitation directly on the Hanford Site because of
a high rate of evapotranspiration under native
soil and vegetation conditions. However, pre-
sent studies, such as those described by Heller,
Gee, and Mayers (1985}, suggest that precipita-
tion may contribute more recharge to the ground
water than was ariginally thought.

Large scale artificial recharge occurs from offsite
agricuttural irrigation and liquid-waste disposal in
the operating areas at Hanford. Racharge from
imigation in the Coid Creek Valley enters the
Hanford Site as ground-water flow across the
westem boundary. Artificial recharge fromwaste-
water disposal at Hanford occurs principally in the
Separations Area. [t was estimated that re-
charge to the ground water from facilities in the
Separations Area (including B Pond and Gahle
Mountain Pond, as well as the various cribs and
trenches in the 200W and 200E Areas} adds ten
times as great an annual volume of water o the
unconfined aquifer as is contributed by natural
inflow o the area from precipitation and irrigation
watars to the west (Graham et al. 1981).

The operational discharge of water has created
ground-water mounds near each of the major
waste-water disposal faciiities in the Separations
Area and in the 100 and 300 Areas (Figure 2.3).
These mounds have aitered the local flow
pattern in the aquifer, which is generally from the
recharge areas in the west to the discharge areas
(primarily the Columbia River) in the east. Water
leveis in the uncenfined aquifer have changed
continuously during Site operations because of
variations in the volume of waste water
discharged. Consequently, the movement of
ground water and its associated constituents has
also changed with time.

In addition to the Separations Area, ground-
water mounding alse occurs in the 100 and
300 Areas. Ground-water mounding in these
areas is not as significant as in the Separations
Arez because of differences in discharge vol-
umes and subsurface geclogy. However, in the
100 and 300 Areas, water levels are aiso greatly
influenced by river stage.

Liquid Effluent Movement

It significant quantities of liquid effluents are
discharged to the ground at the Hanford Site
waste disposal facilities, then these effluents
would percoiate downward through the
unsaturated zone to the water table. As
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REFERENCE 6

Oraft Phase I Installation Assassment of Inactive

Waste-Disposal Site at Hanford, Volume 2, July 1986

NOTE: This site contains numerous sheets
from the document; reference is made
to the document instead of attaching
all of the individual sheets.



REFERENCE 7

Uncontrolled Hazardous Waste Site Ranking System; A Users Manual,

40 CFR 300, Appendix A
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REFERENCE 8

U.S.G.5. Maps of the area around the 100 Area:

Coyote Rapids, Wash 15 Minute Map
Smyrna, Wash 15 Minute Map

Corfu, Wash 15 Minute Map

Priest Rapids, Wash 15 Minute Map
Hanford, Wash 15 Minute Map
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TABLE Il.1-5a (Continued)

CHARACTERIZATION OF 300 NORTH AND WYE BURIAL GROUNDS

e Field survey of waste disposal sites begun late FY-1975
* Drilling of current serias of sampling wells completed late FY-1976

. Est;ma;e of any migration of radionuclides basad on available data completed early
Y-197

* Final report and disposal site maps completed and issued late FY«1977
PLUTONIUM RECOVERY

* Jetailed schedules will be daveloped based on the results of the 216-7-9 Crib
plutonium recovery program.

FISSION PRODUCT RECOVERY

e No schedyle for recovery has been astablished.

1I1.1.1.3 Plant Water Usage

Sanitary and process water for the Hanford Reservation operations aras supplied from a number of
diffarent locations (Table II.1-6). The 100-8 pumphouse, with the 100-D as backup, supplies
water to 100-8-C, 100-B, 100-#, 100-F, and 200 Areas. {A11 of these areas ars shown on Fig
ure [I.7-1.) A watar plant at 100-N Area supplies sanitary and procass water to both 100-H

and the WPPSS generating station located adjacent to 100-N. The 300 Area pumphouse supplies all
water needs for the 300 Area. The City of Richland water supply system is intertied to tha

300 Area system as an emergency backup. VYarious weils in the 600 Areas on the sits supply both
sanitary and process water, '

An average of 440 cfs (0.4% of annual average flow) of Columbia River water is continuously
withdrawn, mainly for cooling purposas. Most of this water is discharged directly back to the
river as nonradioactive disposal. [In addition, approximately 24.7 cfs (less than 0.03% of the
total annual average flow) of Celumbia River water is withdrawn and discharged to the ground as
sanitary and industrial wastes. Wells supply approximateiy 73,000 gai/day for sanitary and
minor irrigation use which is almost entirely discharged to the ground.

11.1.1.4 Waste [nventories [X.18]

Multiple disposal sites for radicactive waste have been used at Hanford during its 30-yr

‘history. The choice of disposal site is based on many factors including half-Tife and toxicity

of the ealements involved, quantity of material to be discarded, proximity to water table and/or
the Columbia River, and optimum personnel radiation exposure and contamination control. The
use of many of these sitas has been terminated.

The waste inventory data reportad subsequentiy and in greater datail in Appendix II.1-C for
cribs, burial grounds, ponds, ditches, specific ratention sites, and unplanned rasleases are suyb-
Jject to variations in sample collection and analysis.

High-level waste streams are analyzed for plutonium, uranium and neptunium. Fission product
content is calculated from irradiation history. The total contents of all waste tanks are known
with fair precision, although the contents of individual tanks and, to some extent, of individ-
val tank farms are less certain begause »f transfers among tanks and farms. ,
Discharges to cribs, specific retention sites, ponds and ditches are based on line sampies.
Since the concentration of radionuclides in these streams is often low, accuracy is low and con-
siderabie uncertainty is invoived. In some cases, particularly for discharges to ponds and
ditches, the radioactivity is below limit of detection and the results are therefore reportad

as "less-than" figures.

Unplanned releases of liquids to grounds are based on sstimates of volumes involved and of con-
centrations-of the radionuclides in the stream. Gaseous releases are based on stack samples.

[1.1-64

Ref. 9.1
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Plant or Facility

JABLE 11.1-6
PLANT WATER USE

Soyrca of Supply

Primary Use

100-8
100-0D

100-K
100-%

100-F
200 Areas

300 Area

FFTF

Atm. Physics

609 Fire Sta,
(100 Araa
Central)

609 A Fire 5ta.
{200 Area
Central)

6652C (Aeronomy)
66521 (Ale Hg)

Emergency
Relocation Ctr.

BY Telephone
Exchange

Hanford Road
Maintenance

Yernita Park

Columbia River
100-8 Pumphouse

Columbia River
100-0 Pumphouse

From 100-X Pumphouse

Columbia River-100-N
Pumphouse

From 100-B Pumphouse

100~8 Pumphousa
Well 299-£26-6
?glls 299-£28-11 and

CoTumbiaz River
300 Area Pumphouse

Wells 699-350-7
§99-50-8
§99-51-78

100-8 Pumphouse
100-8 Pumphousa

100-8 Area

Rattlesnake Springs
Well 699-26-89
Well 699-518-51

Well 689-50-28A
Well 699-Han-9

Wells 639-72-1014,
8 and C

Process water
Procass water

Process water

Process, sanitary and
cooling water

Process water

Process and cooling water
Emergency cooling water
supply

Emergency process supply

Procass and sanitary
331 Fish Ponds

Construction and Sanitary

Sanitary
Sanitary

Sanitary

Sanitary
Sanitary and [rrigation
Sanitary

Sanitary
Industrial and Sanitary

Sanitary and Irrigation

Reported quantities of radioactivity in burial grounds or storage tunnels are estimates based on
aperating histary and radiation levels of the equipment or waste buried. Generally, thesa data
are of greater uncertainty than liquid and gaseous streams since there is no practical methed by
which a represantative sample, particularly of large esquipment pieces, can be obtained.

Qverall, however, the accuracy of the {nventory total is believed to be within a factor of two,
probably within 50% or better., The reported inventories in this final environmental impact
statement have been adjusted to a single significant figure to reflect the uncertainties in the
data. .

[I.1.1.4.1 Contained Solids and Liquids

I1.1.1.4.1.1 Disposal Sites

The approximate inventories of solid waste disposal in the 100 Areas through 1972 summarized
below are shown in Appendix I[I,.1-8, Part 3. These inventories are corrascted for decay through

the end of 1972.

11.1-85

Raef, 9.2
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Inductively Coupled Plasma Method, Method 6010
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METHOD 6010

INOUCTIVELY COUPLED PLASHA METHQD

1.0 Scepe and Applicatian

1.1 Method 6010 is appraved for detarmining the cancentration of trace
elements in madility procedure extracts (exclusive of arsanic and selenium),
wastes, and sails. :

1.2 This method may be used for the detarminaticn of total elements in
groundwater if the detaction limit {s less than primary intarim drinking
water standards o lass than background levels,

1.3 A1l samples must be subjected to an appropriate disscluticn stap
prior to analysis. (Refer ta Section 2.1.)

1.4 Precaution must be taken to ensure that all spectral, chemical and
physical interfarencas are detectad and the appropriata corractive measurss
taken, T,

1.5 Use of this methed is restricted to experiencad spectroscopists.

1.6 Elements for which Methed 6010 is an approved procadurs aras:

Aluminum Cgbhalit Patassium
Antimony Coppar Silica
Barium [ron Silver
8eryllium Laad Sodium
8areon Magnesium Thalljum
Cadmium Manganesa Yanadium

' Caleium Molybdenum Zine

Wl Chromium Nickal

2.0 Sumhary of Method

2.1 Prior to analysis by Methed 6010, samples must be preparsd for
sample introduction, The method of sample preparation will vary according o
the sample matrix. Aqueous samples ars subjectsd to the acig digestion
procadure described in this method. Sludge-type samples are preparad using
the procedure described in Method 305Q. For samples containing. ¢ils, greasas
ar waxes, the procadures described in Matheds 3030 and 3040 may be applicable.

2.2 Method 6010 describes a2 tachaique for the simultaneous or sequantial
miltielemant detarmination of traca elements in solution. The basis of the
method is the measurament of atomic emission by an optical spectroscopic
technique. Samples are nebulized and the aarosoal that is producad is trans-
portad to the plasma torch wherwe excitation occurs. Charactaristic atomicelina
emissicn spectra are producad by a radie-fraquency inductively coupled plasma

Ref. 10.1
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(1CP). The spectra are dispersed by 3 grating spectrometer and the intansitias
of the lines are monitared by photomultiplier tubes,. The photacurrents from
the ghatomultipiier tubes ars procsssaed and cantrolled by a computar systenm.

A background carrection tachnique is required to compensate for variavle
background contridution to the detarminaticn of trace elemants. Background
must De measursd adjacent to analyt2 lines on samples during analysis. The
position selected for the bacxground intensity measursment, on either or both
sidas of the analytical line, will be detarminad by the complexity of the
spectrum adjacent to the analyte line. The position used must be free of
spactral interference and reflect the same change in background intansity as
gceurs at the analyts wavelength measured., Background correction is not
required in casaes of line broadening where a dackground correction measupement
would actually degrade the analytical result. The possibility of additignal
fatsrferencas named in 3.1 (and tasts for their pressncs as described in 3.2)
should 2150 be recognized and appropriate carrections made.

3.0 Interferences

3.1 Several types of interfarence affscts may contribute ta inaccuracias

in the determination of trace elements. They can be summarized as follows:

3.1.1 Spectral interfarsncas can be categorized as (1) overlap of
a2 spectral line from another element; {2) unresolved overlap of molacular
dand spectra; (3) background cantribution from continuous or recombina-
tion phenomena; and (4) background contribution from stray light from
the line emissicn of high concgntration alements. The first of these
aeffects can be compensatad By utilizing a3 computar corraction af the
raw data, requiring the monitoring and measursment of the intarfaring
element, The saecand effact may require sslegtion of an altarnata
wavelangthi, The third and fourth affects can usually be compensated
by 3 background ¢orrsction ddjacent to the analyts line, [n additionm,
users of simulitaneous miltielament instrumentation mist assume the
responsibility of verifying the absance of spectral intarfarencs for
an elemant that coyld ocgur in 3 sample but for which thare is na
¢hannel in the instrument array. Listad in Table 2 are scme intare
farance affacts for the recommended wavelengths given in Tabla 1. The
data in Table 2 are {ntanded for use only as a rudimentary quids for
indicating potantial spectral interferencas. For this purpose, linear
relations between concentration and {ntensity for the analytas and the

_interferents can be assumed. .

3.1.1.1 The intarferesncs informaticon, which was collected at
.the Amaes Laboratory,l! is expressad as analyts concantration
squivalents (i.e., false analyta concentrations) arising from 100
mg/liter of the intarfarencs element. The suggested yse of this

lanes Laboratory, U.S. OOE, lowa Stata University, Ames, Iowa SCOllL.

Ref. 10.2
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TABLE 1. RECOMMENOED WAVELENGTHS ANOD
ESTIMATED INSTRUMENTAL OETECTION LIMITS

3

Estimated datsction’

Elemant ¥avelengthd (nm) Timit® (ug/1) .-
Aluminum 308,215 - ' 45
Arsanic 193,636 : g3¢
Antimony . 206.833 k]
Barium 455,403 2
Beryllium 313.042 . 0.3
Soron 249.773 5
Cadmium 226.5Q2 4
Calcium 317.833 10
> Chromium 267.718 7
Cobalt 228.616 7
Copper 324.754 6
[ron 259,940 7
Lead 220.383 42
Magnesium 279.079 30
Manganese 257.610 2
Molybdenum 202.030 8
Nickel 231.504 18
Potassium 766.491 saad
Salenium 196,026 78¢
Silica (SiC3) 288.158 38
Silver 3g8.068 7
Sediun £88.595 29
Thallium 19G.884 4Q
Yanadium 292.402 8
Zine 213.8%5 2

aThe wavelengths listed are rscommended because of their sansitivity
and overal] accsptanca. Other wavelengths may be substitutad if they can
provide the needed sensitivity and are treatad with the same corrasctive
tachniques for spectral interference {sae 3.1.1). In time, other elements
may be added as mere information becomes available and as rsquired.

SThe estimatsd instrumental detacticn limits as shown are taken from
"inductively Coupled Plasma-Atomic Emission Spectroscupy-Prominent Lines,"
EPA-600/4-79-017. They are given as a guide for an instrymental limit.
The zctual method detaction limits are sample-dependent and may vary as
the sample matrix varies.

GMethod may nat be applicable for groundwater analysis for thasa
metals,

dHighly dependent cn operating conditions and plasma pesitjon.

Ref. 10.3
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TABLE 2. AHALYYE CONCENYRATION EQUIVALENTS
MRISING FROM INHTERFERENYS AT THE 100 HG/L LEVEL

Interferent (mg/1)

Analyte Mavelength (nm) Al Ca Cr Cu Fe Hg Mn Ni 1] v
Aluminum 308.215 -- - - - - - 0.21 - . 1.4
ﬁﬂt'mﬂﬂy 2%-33] u.‘, - 2.9 - ﬂ.ﬂa hatd - - 0025 0.‘5
Arsenic 193,696 1.3 - 0.44 - - - - - -= Ll
Barium 455.40] - -- - - _— -—- - - .- -
Bery)lium 313,042 -- - - - - -- - - 0.04 0.05%
Boron 249.713 0.04 - -- - 0.32 - - - - -
Cadnium 226,502 .- - - -- 0.0l -~ -- 0.02 - -
Calcium 312,91 - -- 0.08 - 0.0l 0.01 0.04 - 0.03 0.03
3 Chromium 261,116 - - .- - 0.003 - 0.04 -- -- 0.c4
Laobalt 228.616 - - 0.03 - 0.005 - - 0.0 0.15 --
Copper 324,754 - - - - 0.003  -- - - 0.05 0.02
Iron 259,940 - - -- - - - 0.12 - - -
Le‘d 220. 353 u.l] - - - - - - ap . - -
Hagnesfum  279.079 .- 0.02 0.1} -- 0.i3 .- 0.25 -- 0.07 0.}2
Hanganese 251.610 0.005 - 0.01 - 0.002 0.002 -- - - --
Holybdenum 202,030 0.05 .- - -— 0.03 - — - - -
Rickel 211.604 -— - - - - - - - - e
Selenfum 196.026 0.23 - - - 0.09 - - - - -
*S{licon 208,158 - - 0.07 - - -— - - - 0.0}
Sodium 508.995 - .- - - - - .- - 0.08 -
Thallium 190,864 6.30 .- - - - -- -- -- - -
Vanadium 292.402 -- “— (.05 .- 0.0u5 -- -- - 0.02 -
linc 213,85 - - - 6.14 _— . - 0.29 . --
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information is as follows: Assume that arsanic (at 193.696 am) i

to De detarmined in a sample containing approximately 10 mg/licer

of dluminum. According to Table 2, 100 mg/titar of aluminum wauld
yield a false signal far arsenic equivalent to approximately

1.3 mg/1iter. Therefore, 10 mg/liter of aluminum would result {n

a false signal for arsanic equivalent to approximately 0.13 mg/liter,
The reader is cauticned that other analytical systems may axhibit
samewhat di ffarent lavels of interfersnca than those Shown in

Table 2, and that the intarference affects must de evaluated for
each fadividual systam.

J.1.1.2 QOnly those intarfarents listad were investigatsd, and
the blank spacas in Table 2 indicats that measyradle intarferences
were nat obsarved for the interfersnt concantrations listad in
Table 3. Generally, intarferencas wers discarnible if they producad
peaks or dackground shifts carresponding to 2-5% of the paaks
generatad by the analyts concantraticns alsc listad in Tadle 3,

3.1.1.3 AZ present, informatien on the listad.silver and
potassium wavelengths is not availabls but it has been reparted
that secend order energy from the magnesium 383,231-nm wavelangth
interferes with the listed potassium line at 766.431 nm,

3.1.2 Physical interferences are generally considered to Se
ef facts assoctlatad with the sample nebulization and Lraasport progassas.
Sucht properties as change in viscosity and surface tension can cause
significant inaccuracies espacially in samples which may contain high

" dissolved solids or acid concantrations. The usa of a peristaltic

pumg may lessan thesa intarfersncas, ([f thess types of intarfarencas
are ggerative, they must be raduced by diluting the sample and/or util-
izing standard addition tachniques. Anothar probiem which can occur
from high dissolived sglids is salt buildup at the tip of the nebulizer.
This affects aerosol flow rate, causing instrumental drift. Wetting the
argan grigr $9 nebuiization, the use of a3 tip washer, or sample dilution
have been usad to control this problem., Alse, the usa of a high se¢lid
nebulizer can reduca salt Bbuild-up in the nebulizer and can also pravaent
arifting and loss of sensitivity in tha instrument. In addition, it has
been raported that better control of the argon flow rate improves
instrument performance. This is accomplished with the usa of mass flow
cantrollers,

. 3.1.3 Chemical intarfersnces are charactarized by molacular
compound formaticon, tomizZation effects and soluta vaporization-effacts.
Normally these effects are not pronouncad with the ICP tachnique;
however, if gbserved they can bte minimized Dy careful salactian of
aparating conditicns (that {s, incident power, absearvation position,
and so forth), by bduffering of the sample, by matrix matching, and
By standard addition procadures, These types of interfarsnces can
be highly dependent on matrix type and the specific analyts slement.

Raf.
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TABLE 3. INTERFSRENT AND ANALYTE ELEMENTAL CONCENTRATICNS
USED EOR INTERFERENCE MEASUREMENTS [N TABLE 2

Analytas mg/liter Intarferents mg/Titar
Al 10 Al 1,000
As 10 Ca 1,000
8 10 Ce 200
Ba 1 Cu 200
o Be 1 Fe 1,800
N Ca 1 Mg 1,000
Cd 10 Mn 200
s ' Co 1 Nt 20Q
— 1 Ti . 200
=, Cu 1 ¥ 200
¢ | Fe 1
Mn 1
o Mo 1c¢
Na 10
Nt 10
- £B . 10
o Sb 10
Sa 10
o Si l
T 10
v 1
in 16 .

Ref. 10.6
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3.2 It is retcmmended that wheneéver & new or unysual sample matrix
i3 encountersd, a serfes of tasts De performed prior %o reporting concantra-
tion data for analyte elaments. These tasts, as outlined in 3.2.1 through
3.2.4, will ensure the analyst that neither pesitive nor negative intarfer.
encas will have on any of the analyte elements and distort the accuracy of
the repartad values.

3.2.1 Serial dilution: [f the amalyts cancanzracion fs sufficiently
high {(minimally a factor of 10 above the instrymental detection limit
after dilution), an analysis of a dilutien should agree within S percant
of the original determination {or within some acceptable control limit
that has been astadlishad for that matrix). If not, a chemical or
physical intarfarencs effect should Be suspected,

3.2.2 Spike addition: A spike additicn addaed at a minimum lavel
of 10x the ifastrumental deteaction limit (maxfmum 100x) t¢ the original
determination should be recovered to within 90 to 110 percant or within
the estadlished centrol limit for that matrix, ¥ not, 2 matrix offact
should Be suspectad. The use of 2 standarg addition analysis procadure
can usually campensate for this effect., CAUTION: The standard addition
tachnique does not detact coincidant spactral overlap. [f suspected,
use of computarizad compensation, an alisrnate wavelength, or comparison
with an alternate methed is rscommended {sae 3.2.3).

3.2.3 Corparison with alternate mmthod of analysis: When inves-
tigating a new samle matrix, comparison tasts may be parformed with
other analytical tachniques such as atomic absorption spactreretry aor
ather approved methodalogy.

3.2.4 Wavelesngth scanning of analytea line regign: I[f the appro-
priate equipmant s available, wavelength scanning can be perfaormed 20
detect patential spectral interfarences.

4.0 Appcaratus and Matarials
4.1 Inductively coupled plasma-atomic emission spectrometar

4,1.1 Computer-contralled atomic emission spectrometer with
background corraction.

~ 4.1.2 Radiofraquency generatar.

4.1.3 Argon gas supply, welding grade or bettar,

Ref. 106.7
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4.2 Operating conditfons: Because of the diffarsncas between various
makes and models of satisfactory instruments, no detailed gperating instruc-
tions can be provided. Instsad, the analyst should follow the instructions
provided by the manufacturer of the particular instrument., Sensitivity,
instrumental detaction limit, precision, linear dynamic range, and inter-
ference effects must be investigated and established for each individual
analyts line on that particular instrument. It is the responsibility of the
analyst (1) to verify that the instrument confiquratign and cperating conditions
used satisfy the analytical requirements and (2) to maintain quality contrgl
data confirming instrument performance and analytical results,

5,0 Reagents

5.1  Aeids usad in the preparation of stiandards and for sample processing
must be ultra-nigh purity grade or squivalent. Redistillad acids are accapt-

abte,
§.1.1 Acetic acid, conc,

§.1.2 Hydrochloric acid, conc.

8.1.3 Hydrochloric acid (1:1): Add 500 m1 cone. HCT %o 400 mi
Type [1 watar and diluta to 1 Titar,

5.1.4 Nitric acid, zane.

5.1.5 Nitric acid (l:1): Add 500 ml cone. HNQ3 to 400 ml Type
11 water and dilute ta 1 litar,

$.2 Type Il water: Prepare by passing distillied water through a mixedq
bed of cation and anion exchange resins, Use Type [] water for the prapara-
tion of all reagents, calidration standards, and as dilution water. The
purity of this water must be equivalent to or better than ASTH Type [1
reagent watar of Specification D1193.

5.3 Standard stock scliutions may be purchasad or prepared from ultra-
high purity grade chemicals or metals. "All salts must be dried for 1 hr at
105° C uniess otherwise specified., (CAUTION: Many metal salts are extremely
toxic and may be fatal if swallowed. Wash hands thoroughly after handling.)
Typical stock solution praparaticn procadures follow. .

5.3.1 Aluminum salution, stock, 1 m1=100 pug Al: ODissolve 0.100 g
of aluminum metal in an acid mixsure of 4 ml of (l:1) HCI and 1 ml of
cdac. HNO3 in & beaker. Warm gently tg dissclve. When solutioen is
cemplete, transfer quantitatively ta a one liter flask and add an
additional 10 ml of (1l:1) HCI and dilute to 1,000 ml with Type [1

watar,

Ref. 10.8



8010 / g9

5.3.2 Antimony sclution, stock, 1 mi=100 ug Su: Dissolve 0,.2563 g
k{SB0)C4H4lg in Typi 11 water, add 10 ml (1:1) HCI and atlutz ts
1,300 ml with Type [l water.

§.3.3 Arsanic solution, stock, 1 mi=100 ug As: Dissolve 0.1320-g
of Asp03 1n 100 ml of Type [I watar containing C.4 g NaQH. Acidify
the sglution with 2 ml conc. HNO3 and dilute to 1,000 m1 with Type I1
watsr. '

5.3.4 Barium salution, stock, 1 mi=100 pg 3a: Oissolve Q.1516 g
BaCly {dried at 250° C for 2 ne) in 10 ml Type [ watar with
1 mi {1l:1) HCl. Add 10.0 ml (1:1) HC! and ditute to 1,000 ml with
Type 1 water.

5,3.5 Baryllium solution, stack, 1 mi=10Q ug 8e: 0o not dry.
Dissolve 1.966 g BeS04-4H20 in Type Il water, add 10.0 ml cone.
HNQOq and dilute to 1,000 m1 with Type 1] water,

5.3.6 Borgon sclution, stock, | ml=100 uyg 8: Qg not dEE. Bissolve
0.5716 g anhydrous Hy803 in Type [[ watar and diluta ta I, mi,

Xasp in a tightly stoppared bottle, and stare in 2 desiccator to pravent
the antranca of atmospheric moisture.

5.3.7 Cacmium salution, stock, ! ml=100 yg Cd: Dissolve 0.1142 g
¢d0 in a minimum amount of of (1:1) HNO3. Heat to increase rate of dis-
‘salution. Add 10.0 ml conc. HNO3 and diluts to 1,000 ml with Type 11
water.

5.3.8 Calcium selutionm, stock, 1 mi=100 ug Ca: Suspend 0.2498 g
CaC03 dried at 1807 C for 1 hr befare weighing in Type I watas and
dissalve cauticusly with a minimum amount of (1:1) HNO3. Add 10.0 ml
conc, HNOq and diluta to 1,000 ml with Type 11 watar,

e 5.3.3 Chremium solution, stocx, 1 mi=l0Q ug Cr: Oisselve 0,1923 g
CrQy in Type 11 watar. NWhen solytion is completa, acidify with 10 mi
conc. HNQ3 and dilute to 1,000 ml with Type 11 watar,

5.3.10 Cobalt solution, stock, 1 misl00 ug Co: Oissclve 0.1000 g
of cobalt metal ia & minimum amount of (1:1) HNG3. Add 10.0 ml (1:1)
HC1 and diluta to 1,000 ml with Type I water.

5.3.11 Copper solutien, stock, 1 ml = 100 pg Cu: Dissolve 0.1252 g
CuC it a minimum amount of (1+1) HNO3. Add 10.0 ml conc. HNOj3 and dilute
ta 1,000 mi with deionized, distilled water. .

§.3.12 Ilron solution, stock, 1 ml1=10Q pg Fe: Oissolve 0.1430 g
Fes0q in a warm mixture of 20 ml (1:1) HC] and Z ml of conc. HHO3.
Cocl, add an additional 5.0 ml of conc. HMO3 and diluts to 1,000 mi
with Type 1] water.

Ref.
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5.3.11 _Lsad solution, StOck, 1 m1=10Q pg Pu: Dissolve 0,1599 g
PB(NO1)2 fn a minimum amount of (1:1) HNG3, Add 10.0 ml (1:1) HNO3
and dilute to 1,000 ml with Type 1l watar,

5.3.14 Magnesium solution, stock, 1 mi=100 yg Mg: Oissolve
0.1658 g Mg0 in a minimum amount of (1:1) HNO3. Add 10.0 mi (1:1)
conc. HNO3 and dilute to 1,000 mi with Type Il water,

5.3.15 Manganesa sslution, stock, 1 mi=100 ug Mn: Oissolve
0.1000 g of manganese matal in the acid mixture (10 ml conc. HCl and
1 mi conc. HNQ3) and diluts ta 1,000 ml with Type II water.

£.3.16 Molybdenum solution, stock, 1 m1=100 pg Mo: Dissolve
0.2043 g (NHq)zM00g in Type I1 water and diluta to 1,000 ml with
Type 1] water.

5,3.17 MNickel solution, stock, 1 mi=100 yg Ni: Disscive 0,1000 g
of nickal metal in 10.0 ml hot conc, HNO3, coel, and dilute to 1,000 mi
with Type [] water.

5.3.18 Potassium saluticn; stock, 1 ml=100 ug X: Disselve
0.1907 g KC1, dried at 110° C, in Type Il water and df lute to 1,000 ml.

5.3.19 Saelenium saolution, stock, 1 mi=100 ug Se: [o not dry.
Dissolve 0.1727 g HpSeQy in Type 1l water and dilute to 1,000 ml.

5.3.20 Silica salution, stock, 1 m1=100 pg Si0p: Do not dry.
Dissalve 0.4730 g NazSi04+9H20 in Type [l wataer. Add 16.0 m! canc.
HNQy and dilute to 1,000 m1 with Type I1 watear,

5.3.21 Silver solution, stock, 1 mi=100 ug Ag: Dissolve 0.1575 g
AghQ3 ia Type 11 water and 10 ml conc. HNOq. Oilute %o 1,000 ml
with Type I watser.

5.3.22 Sodium solution, stock, 1 m1=100 ug Ma: DOisselve 0.2342 g
NaCl in Type I watar. Add 10.0 mi cong. HNO3 and dilute to 1,000 m!
with Type [l water.

5.3.23 Thallium soluticm, stock, 1 m1=10Q ug T1: Oissalve 0.1303
g TINO3 in Type Il water. Add 10.0 m! conc. HNQ3 and dilute to
1,000 ml with Type 1l watar.

5.3.24 vVanadium solution, stbc:, 1 m1=100 ug V: Oissolve 0.2297 g
NH4V0q in a minimum amount of conc. HNO3, Heat to increase rate of dis-
selution, Add 10.0 ml cone, HNO3 and dilute to 1,000 mi with Type 1l
watar,

5.3.25 Zine solution, stock, 1 mi=100 ug Zn: Dissolve 0.1245 g
Za0 in a minimum amount of dilute HNO3. Add 10.0 ml conc. HNO3 and
dilute to 1,000 ml with Type 11 water.

Raf.
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5.4 Mixed calibration standard solutions: Prepare mixed caliBration
standard solutions- By combining appropriate volumes of the stock solutions
in volumetric flasks (see 5.4.1 through 5.4.5). Add 2 mi of {1:1) HNO3 ang
10 mt of (1:1) HC1 and dilute %0 100 m] with Type II water (see Hote 1 in
Section 5.4.5 and Naota 6 in Sectiom 7.3). Prier to preparing the mizxed
standards, each stock salution should Be analyzed saparately %0 detsrmine
pessible spectral interference of the presance of impurities. Care should be
takan when preparing the mixed standards that the slements be compatible ang
stable. Transfer the mixed standard solutions to 3 FEP flucrocarben or
unused polyethylene bottle for storage. Fresh mixed standards should be
prepared as needed with the realization that cancentration can changs on
aging. Calidration standards must be initially verified using 2 quality
contral sample and monitored weekly for stability (see 5.5.3). Although not
specifically required, some typical calibration standard combinations follow
whea ysing those specific wavelengtns listed in Table 1.

5.4.1 Mixed standard sclution [: Manganese, beryllium, cadmium,
lesad, and zinc. .

5.4.2 Mixed standard solution Il: Barium, copper, ircn, vanadium,
‘and cobdalt. .

§.4.3 Mixed standard solution [II: Malybcenum, silica, arsanic,
and selaniunt. .

5.4.4 Mixed standard solution IV: Calcium, sodium, potassium,
" alumi num, Egipmium, ang nickel,

S.4.5 Mixed standard sclution V: Antimony, boron, magnesium,
€ilver, and thallium. T

RUTE 1: If the addition of silver to the racormendad 4cid combina-
tion resylts in an initial precipitation, add 15 ml of Type [I
water and warm the flask until the solution ¢lears. Cool and
dilute to 100 ml with Type Il watar, For this acid qombination,
the silver concentration should de limited to 2 mg/1. Silver under
these conditions is stable in 2 tap water matrix for 30 days.
Higher concantrations of silver require additicnal HCI,

5.5 Two types of bianks are required for the amalysis. The calitration
blank is ysaed in astablishing the analytical curve while the reagent blank is
Jused to corrsct for possidle contamination resulting from varying amounts of
the acids usad fa the sample processing, - '

5.5.1 The zalibraticn blank s prepared by diluting 2 ml of (1:1)
HNO- and 10 ml of (1:1) HCI to 100 ml with Tyge I watar (see note &
in 3action /.5). Prepare a sufficient quantity to be used to flush the

system. between standards and samples.
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5.5.2 The reagqent blank must contiin all the raagents and in the
same volumes as used in the processiag of the samples, The reagent
blank must be carriad through the comolete praocadure and ¢ontain the
same acid concsateacion ia the final solution as the sample solution
usaa ror analysis. : ) '

5.6 Standards: [n additien to the calibration standards, an instrurent
check standard, an intarfersnces check sample, and a quality control sample
are also required for the analysas.

5.6.1 The instrumen* check standard {s prepared by the analyst
by combining compatible elemmnts at a concentratign equivalent 23 the
midpoint af their respective calibration curves (see 3.5.17,

5.6.2 The interfarance chack i{s pragared hy the analyst in the
following manner. Seiect a representative sample tnat <Contains minimal
cancentrations of the analytes of {ntarsst but known concentratians of
interfaring elements that will provide an adequats test aof the correcs
tion factors. Spike the sanple with the siements of intarest at the
approximate caoncentration of either 100 ug/liter or 5 times tha astimated
detection limits given in Table 1. {For effluent samples of expectad
high csncentrations, spike at an appropriate lavel,) If the type of
samp las analyzed are varied, 2 synthetically praparsd sarple may be

. used if the above critaria and intent are met. A limited supply of a
synthetic intarference chec. sample will be available from the Quality
Assurance Branch of EMSL-Cincinnati,

5.5.3 The guality control sample should be prepared in the same

acid matrix as the cailoration standards at a concentration aear 1 mg/liter
and in accordance with tne thstryctions provided by the supplier.

§.0 Samsle Collaction, Handling, and Prassarvatian

8.1 All samples must be collected using a sampling plan that addrasses
the considerations discussed in Section QOne of this manual.

8.2 For the datarmination of tracez elements, contamination and loss

are of prime concsrn. Qust in the labaratory environment, {mpurities in
reaqents, and impurities on laboratory apparatus which the sample contagts

ar= a1l sources of potantial contamination., Samples containers can introduce
sither pasitive or negative arrors in the measurement of tracs elements Dy

fa contributing contaminants through leaching or surfacs desorption ang

b) by depleting concentrations through adsorption. Thus the collection

and treatment of the sample prior to analysis requires particular attention.
Laboratary glassware including the sample bottle (whether polyathylene,
polypropylene, or FEP-flugrocarton) should be thorsughly washed with detargent
and tap water; and rinsad with (1:1) nitric acid, tap water, (1:1) hydrochioric
acid, tap watar, and finally Type 1I watar, in that order (sae Notas 2 and 1),
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. Chromic acid may be useful o0 remove organic deposits from
:?Ifssare; nguef.rf the inalyst should be cautioned that the glasswars
myst be thorscughly rinsed with watzr to remove the last traces of
chromiume The uses of chremic acid can cause a contamination prodlem for
the datermination of chromium {f the glassware is not rinsed properly,

A commercial product, NOCHROMIX, availadle from Godax Laboratories, §
Yarick Street, New York, NY 10013, may be usad in place of chromic acid.
Chromic acid should not Be us’d with plastic bottiles.

NOTE 3: If it can be documented through an active analytical quality
contrel program using spiked samples and reagent hlanks that certain
staps in the cleaning procedure are not required for routine samples,.
those staps may be eliminated from the procadure.

6.3 Aquecus samples must be preserved and pretrsatad appropriately
dagending on whather data on dissolved, suspanded, or total metals are
desired.

6.4 Nonaguecus samples shall be refrigeratsd when possible, and analyzad
is scon as possible. ) .

7.0 Procedure

7.1 The following dafinitiaens ares intanded to ¢larify the ensuing
discussion.

7.1.1 Instrumental detaction limit: The concantration equivalent
to 2 signal, due to the analyte, which is equal to threse times the
standard deviation of 2 saries of twenty replicata mmasurements of a
reagent biank signal at the same wavelength.

7.1.2 Sensitivity: The slope of the analytical curve, i.e.,
functional relationship between amissfon intansity and concentration.

7.1.3 lIlastrument check standard: A multielement standard of
known concentration praparsd by the analyst to manitor and verify
instrument performancs on a dafly dasis (see 5.8.1).

7.1.4 Intarferenca check sarplie: A’'sglution containing both
interfaring and analyts slements of known concantration that c<an
be usad to verify background and intarslement corracticn factors

7.1.5 Quality‘control sample: A solution obtained from an outsids

source having known concentraticn values to be usad to verify the cali-
bration standards (see 5.5.3).

Ref. 10.13
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7.1.6 Calibration standards: A sariss of known standard ssclutians
used Dy the dnalyst for calibraticn of the fastrument (i.e., preparation
of the the analytical curve; see 5.4).

7.1.7 Linear dynamic range: The concentration range Over which
the analytical curve remaing linear,

7.1.8 Reagent dlank: A volume of Type I! water containing the
same acid matrix as the calibration standards carried through the sptire
analytical scheme (ses 5.5.2).

'7.1.9 Calibration blank: A volume of Type 11 water acidified with
HNO3 and HC1 (see 5.3.1),

7.1.10 Mathod of standard addition: The standard additicn':ech-
nique involves the use of the unknown and unknown plus a known amount of
standard (see 7.9.l).

7.2 Sample preparation: Aquecus samples should be prepared accarding
t9 Section 7.3. Sludge-type samples should be prepared according to Method
3080 and sarples containing gils, greases, or waxes may be preparsd
according to Methads 303Q and 3040, The applicability of a sampla prepara-
tive technique t0 3 new matrix type must ba demenstratad by analyzing spiked
sample or relevant standard refersnce matarials,

7.3 Preparation of aqueous samplesg: For the datarmination of total
elements, chogsa a2 measured velume of the well-mixed acid-presarved sample
appropriata for the expectad leval of elements and transfer to a Geiffin
beakar (see note 5 below). Add 3 ml conc. HNOg. Place the beaker on 2
hot plats and evapgorate to near dryness cautiously, making cartain that the
sample does not Bgil and that no area of the bottom of the Beaker is allowed
to go dry. Cool the beaker and add another S-ml portion of conc. HNOs.
Cover the beaker with a watch glass and returs to the hot plata, Incraass
the tamparaturs of the hot plate so that 3 gentle reflux action occurs.
Continue heating, adding acid as necassary, until the digestion is complete
(generally indicatad when the digestates is 1ight in color or does not change
fn appearanca with continued refluxing), Again, evaporates to near dryness
and _cool the beaker. Add 10 ml of (l:1) HCl and 15 ml of Type Il watar
per 100 m1 final solution and warm the beaker gently for 1% min to dissglve
any precipitate or residue resulting from evaporation. Allow te cool, wash
down the beakar walls and watch glass with Type I[ water 3nd filter the
sammle 20 remove insoluble matarial that could cleg the nebuliZer (see Note 4
delow). Adjust the sample %o a pradetarmined volume basad on the expectad
coneentrations of elements present, The sample is now ready for analysis
{ses Note § below). Concentrations so datsarmined shall be repartad as
"tatal.” :

NOTE 4: [n place of filtering, aftar diluting and mixing, the sample
may be cantrifuged or allowed to sattle Dy gravity overnight to rsmove
insoluble material.

Ref,
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NOTE 5: [f low detarminaticans of bercn are critical, quartz or poly-
orogylene glassware should de used. Polypropylene glassware is cenerally
prefecred since it is cheaper and Just as accurate as quarti,

HOTE 6: If the sample analysts saluticn has a diffarent acid concan-
tration from that given in 7.3, but does not introduce a physical
intarfarence or affect the analytical resylt, the same calibraticn
standards may be usad, ’

7.4 Set up instrument with proper cperating pirametars established
in Section 4.2, The instrument must bde allowed to become thermally stable
before beginning. This usually requires at least 30 min of operation prior
to calibratian.

7.5 Initiate appropriate operating configquration of computar,

7.6 Profile and calibrate fnstrument accarding to instrument manuface
turer's recommendad procadures, using the typical mixed calibration stancard
solutions desgribed in Section 5.4, Flush the systsm with the calibration
dblamk (5.S.1) between each standard (sase Nota 7 below}, (The use of the .
average intaensity of multiple exposurss for Both standardization and sample
analysis has deen found to raduc2 randem srror.) :

NQTE 7: For boron concentrations greatae than 500 pg/litar extandad
flush times of 1 to 2 min may be reguirsed,

7.7 Bafora baginning the sample run, reanalyze the highast mixad
calibration standard as if i were 3 sample. Concantraticn values cotained
should not deviate from the actual values by more than .+5% {(or the astadlishad
control limits, whichever {s lower). If they do, follew the recammencations
fo the instrument manufacturer to correct Tor this condition.

7.8 Begin the sample run by flushing the systaom with the calibration
Blank solution (5.5.1) Detwesn each sample (sese Nota 7). Analyze the
instrument check standard (5.8.1) and the calidraticn blank (5.5.1) after
sach 1Q samples,

7.9 If it has been found that methods of standard addition are required,
the follewing procadure is recommanded.

7.3.1 The standard addition tachnique involves preparing new
standards in the sampie matrix by adding known amounts of standard %0
one or mora aliquots of the procsssad sample sgluticn, This tachnique
compensatas for a sample constituent that enhancas or deprassas the
analyts signal, thus producing a different slope from that of the cali-
bration standards. [t will not corrset for additive intarfaranca which
causes a baseline shift, The simplest version of this tachnique is tne
singla-addition method. The procadure is as follows. Twe icentical
aliquots of the sample solution, each of volume V., are %akan. To tha
first (labeled A) is added a small volume Vg of a standard analyte

Ref. 10.15



16 / MULTIELEMENT [RORGANIC ARALYTICAL TECHNIQUES

salution of comesntration cg. 10 the second (labeled 8) 1s added the
same volume Y of the solvent. The analyticatl signals of A and B are
measured and corrected for nonanalyte signals, The unknown sampla
concentration ¢, is calculated:

Sg¥scy
(Sa = Sg) ¥x

Cx

where Sj and Sg are the analytical signals (corrected for the bdiank)

of solutions A and 8, respectively. VY¢ and ¢g should e chosen s¢ that
Sz is roughly twice Sg on the avarage. It is best if V5 is made much
less than Yy, and thus ¢ is much greatar than c., to avoid excess
dilution of the sample matrix. [f a separatiocn or concantration step is
usad, the additions are best made first and carried through the entire
procsdure. For the results from this tachnique to be valid, the follow-
ing limitations must be taken into consideration,

1. The analytical responsa signals must be l{near with respect to
concantration. .

2. The chemical form of the analyte added must respond the same as the
analyta in the sample,

3. The intarferenca affect m st ba constant aver the working range of
concern.

‘4, The signal must be correctac for any additive intarfarenca.

7.10 Caleculations: Reagent Blanks (5.5.2) shouid be subtractaed from all
samples, This is particularly tmportant for digested samples requiring largs
quantities of acids to complete the digestion. I[f dilutions were performed,
the appropriate factor must be applied to sample values. All results should
be reportad in mg/liter with up to three significant figures.

8.0 Quality Control

8,1 All gquality control data should be maintained and available for
easy rafarencs or inspection. .

8.2 Oiluta samples {f thay ars mors concentratad that the highest
standard or if they fall on the plateau of 3 calibration curve,

8.3 Employ a minimum of cne pricedural blank per sample bateh to
detarmine if contamination or any memory eff2cts are occyrring.

8.4 Run one duplicate sarple for avery 10 samples. A dupligatz saspie
is 2 sample brought through the whole sample preparation process.
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3.5 Check tie instrument standardization by analyzing appropriate
quality control check standards as follows:

8.5.1 Analyze an appropriate instrument check standard (5.5.1) -
eontaining the elements of interest at a fraquency of 102. This check
standar+ it usad to determine instrument deift., [f agresment is not
w‘ithimis".’g of the expected values or within the sstablished control limils,

whicnever is lower, the analysis is out of cantrsl, The analysis should
ne terminated, the prodlem correctad, and the iastrument recaiibratad.

8.5.2 Analyze the calibration blank (5.5.1) at a frequenmcy of 103,
The result should be within the establ{shed control limits of 2 standard
daviations of the mean value. if not, repeat the analysis two more times
and average the three resuits. [f the average is not within the control
1imit, terminata the analysis, correct the problem, and recalidrata the
{nstrument.

8.5.3 To verify intarelement and background correcticn factors,
analyze the intarference check sample (5.6.2) at the beginning, and, and
at periodic intarvals throughout the sample run., Results should fall
within the established control limits of 1.5 times the standard devia-
tion of the mean value. [f not, términats the analysis, correct the
prooles, and recaiidrate the.instrument.

, 8.5.4 A quality control sample (5.6.3) obtained from an outside
soures must first be usad far the initial verification of the calibra-
tion standards. A fresh dilution of this sample shall be analyzed every
weak tharsaftar ta monitor their stability. If the results are not
within +5% of the true valye listed for the control sample, prapare a
naw calThoration standard and recalibrats the instrument. [f this does
not correct the praoblem, prespars a new stock standard and a new calibra-
tion standard and rapeat the calibration.

8.6 Spiked samples or standard reference materials shall be emloyed
periodically to ensure that correct procedures are being followed and that
all equipment is operating properly.

8.7 The method of standard additiens shall be usad for the analysis
af all EP extracts and whenever 1 sample suffars from matrix intarferances.

8.8 The method detsction limit (MOL) is defined as the minimum
concantration af a substancs that can be measurad and reportad with 39%
confidence that the value is above zera. The MOL concentrations listad in
Table 1.wers obtained using reagent water, Similar resylts were achieved
using represantative wastewatars. The MOL actually achieved in a given
analysis will vary depending on instrument sensitivity and matrix effects.

8.9 In an EPA round-robin ghase 1 study, saven laboratories applied
the 1CP tachnique to acid-distilled water matricas that had been dosed with
various metal concantratas, Table 4 1ists the true value, the mean reported
value and the mean % relative standard daviation.

Ref. 10.17
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Hanford Stream data base printout showing Priest Rapids Dam data
&s background data
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13-aUG-87 FPage |1
ENVIROMMENTAL SAMPLE ANALYSIS RESULT REPORT
21 DEC 82 +o 13 MAR 23
WATER RIVER WATER CUMULATIVE UNFILLTERED
Samp #: 1265 FRIEST RAPIDS—-RIVER
121 /SR 90 .
. P
Reasult +/—- 2 Sigma — for gdmf’”w‘p/
Date Off Date On (FPCI/L ) : Comments
21 DEC 82 22 NOV 82 S 37E-OL /-~ L. .HIE=-OY
18 JANM 83 =1 DEC g2 1.89E~01 +/= 2 A= i?ﬁfé;
15 FERB 23 18 JaN 83 1.9TE—~01 +/—- 3.18E-02
13 MAR 83 15 FEB 83 2.T7E-OL +/=  4.11E=-02
Fraction of Results»DUL:? 4/ 4 Mean: 2.44E-01
Minimume 1.89E~01 (18 JAN 83) Standard Error of Mean: 8.54E-02
Maximum: I.37E-0L1 (21 DEC 82) Standard bPeviation: 7IE-0O1
Median: 1.91E-01

Ref. 11.1
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REFERENCE 12

Investigation of Ground-Water Seepage from Hanford Shoreline

of the Columbia River, PNL-5289, November 1984
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TABLE B.l. Strontium-390 Analyses from Columbia River Samples

River Mile - Sample Date Concentration,

Location 1D Callactad pCi/8 =2¢
3,0-5.0 8 comp W)  01/22/83 0.55 + 0.23 D&
5.5-7.5 K Comp RM 12/18/82  0.18 = 0.02 ;;;e 74°S
8.0-9.5 N Comp RY 12/18/82 28 = .47 skw—ﬂ _j
10.0-12.0 D Comp RW 12/18/82 1.1+ 0.05 g?¢§ -
14.0-17.5 H Comp RW 01/22/83 0.50 = 0.14 i
18.0-22.0 F Comp RW 01/22783 0.93 = 0.15 eif“353
Upstream Columbia
River Concentration C‘}af %
(Average 13983) 0.18 £ 0,22 So.nvo éh
DOE Concentration a,\d 6*
Guide (USDOE 1981} 300

fae) n; d

(a) Comp-RW denotes composita
aliquots from immediately

river water sample comprised of
preceding river sample Tocations.

\ “r
dé%& e t

TABLE 8.2. Iodine-129 Analyses from Spring and Columbia River Samples

River Mile . Sample " Date Cencentration,
Location iD Collecgted pCi/g =2¢
27.0 27.0 ) gyzz/es 2.3x1070 = 1.4x107C
27.0 27-1 $0'®)  g9y11/83 1.6x10~% = 2.1x10°7
28.0 28-2 Sp 09/11/83 §.2x102 = 6.8x10"°
29.0 29.0 RW 01/22/83  6.3x107° = 5.0x107°
31.75 31-5 Sp 09/11/83 3.0x107° = 4.0x1078
32.5 32-0 Sp 08/11/83  4.4x107° = 2.7x10°°
Upstream Columbia
River Concentration -5 -5
(1983 Average) 2.4x107° = 2.6x10
DCE Concentration
Guide (USDOE 1981) 50

Ea; RW denctes compesite river water sample.
Sp denctas river bank spring sample.

(in PNL- $287)

B.

3

Ref. 12.3
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REFERENCE 13

Hanford Reservation Area Worker Census, BNWL-2298, July 1977
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TABLE 1. Concentration of Hanford Resarvation Workars

by Sita

Number of Parcent

Sita Warkers of Total
100 7680 8
200 EaW 2,355 16
WPPSS #1,2,34 i 2,905 20
FFTF 2,420 16
300 3,110 21
Battalle, et al. 3,345 22
TOTAL 14,855 108

Whila the worker counts being raported by Rasarvation empioyers are usually
shown concantrated around a designated site, in reality a substantial partion
of these workers are likely to be distributed aver the syrrounding ar=a. For
gonvenience, however, they ara credited to such particular sites as 200 fast,
200 West, WPPSS 1, 2, & 4, etc.

Identification af shift workers posed some reporting difficulties sinca
same firms run four shifts wnile most of the athers conduct theair oparations
in thras. The 100 Area was a special problem since these workers aperats over
a wide area. Regardless, all warkers have been accounted for in this census
although some of the shift counts may be approximate.

DISTRIBUTION OF WORKERS BY RADII AND COMPASS DIRECTION

Figurs 2 maps the distribution of Hanford Reservation workers by work shift
over intervals of one-mile radii and 16 compass directions cantered at the Purex
Plant. These same worker distributions are repeated in Figure 3 without the
maped Resarvation Area as a background. As a tabulating convenience, sector
parcel counts have been rounded to units of 5 and 10, but were adjusted to the
total count for the separate companies. (Becausa of confidentiality, worker
counts for the separate companies are not being presented here.) For better
readability, sector counts within the first two mile radii from the Purex Plant
center are presented separately at the bottom of the fiqure. Table 2 presents
work distribution in detail including a cumulative count of warkers and percent
of total as distance and direction from the Purex Plant center increases.

Ref. 13.2




REFERENCE 14

Endangered and Threatened Wildlife and Plants, 50 CFR,
Part 17, Subpart B8, October 86
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§17.11

l&sg.ed under Part 21 of this chapter:
an

(2) Identified In the earliest applica-
ble annual report required to be filed
by a permittee under Part 21 of this
chapter as in a permittee’s possession
on November 10, 1978, or g5 the proge-
ny of such a raptor.

(h) This section does not apply to
any raptor intentionally returned to
the wild,

{48 FR, 31607, July 8, 19831
Sl:,bpcrl E—-—I.isis ;

Souncr: 48 FR 34182, July 27, 1983, unless
aotherwise noted.

§17.11 Endangered and threatened wild-
life.

(a) The lst in this section contains
the names of all species of wildlife
which have been determined by the
Services to be Endangered or Threat-
ened. It also contains the names of
species of wildlife treated as Endan-
gered or Threatened hecause they are
sufficiently similar in appearance to
Endangered or Threatened species
(see § 17.50 et seq.).

(b) The columns entitled “Common
Name,” “Scientific Name,” and “Verte-
brate Population Where KEndangered
or Threatened” define the species of
wildlife within the meaning of the Act,
Thus, differently classified geographic
poptlations of the same vertebrate
subspecies or species shall be identi-
fied by their differing geographic
boundaries, even though the other two
columns are {dentical, The term
“Entire” means that all popuiations
throughout the present range of a ver-
tebrate species are listed, Although
common npames are inecluded, they
cannot be relied upon for identifica-
tion of any specimen, since they may
vary greatly in local usage. The Serv-
ices shall use the most recently accept-
ed scientific name. In cases in which
confusion might arise, a synonym(s)
will be provided in parentheses. The
Services shall rely to the extent practi-
cable on the I'nternational Code of Zo-
clogical Nomenclature,

(¢) In the “Status” column the foi-
lowing symbols are used; “E” for En-
dangered, “T™ for Threatened, and “E

50 CFR Ch. ! (10-1-86 Edition)

for T1 (S/A)” for similarity of appear-
ance species.
(d} The other data In the lst are

-nponregulatory in nature and are pro-

vided for the information of the
reader. In the annual revision and
compilation of this title, the following
information may be amended without
public notice: the spelling of species’
namnes, historical rapge, footnotes, ref-
erences to certain other applicable
portions of this title, synonyms, and
more current names. In any of these
revised entries, neither the species, as
deflned in paragraph (b) of this sec-
tion, nor its status may be changed
without following the procedures of
Part 424 of this title.

{e) The *“historic range” indicates
the known general distribution of the
species or subspecies as reported in the
current scientific literature. The
present distribution may be greatly re-
duced from this historic range.
column does not impiy any limitation
on the application of the prohibitions
in the Act or implementing rules, Such
prohibitions apply to aill individuals of
the species, wherever found.

(£)(1) A footnote to the Froraal, Rec-
ISTER publication(s) listing or reclassi-
fying a species is indicated under the
column *“When listed.” FPootnote pum-
bers to §317.11 and 17.12 are in the
same numerical sequence, since plants
and animals may be listed in the same
Fromrar, REgisTEsR document. That
document, at least since 1973, includes
a statement indicating the basis for
the listing, as well ags the effective
date(s) of sald listing.

(2) The "“Special rules” and “Critical
habitat” columns provide a cross refer-
ence to other sections in Parts 17, 222,
226, or 227. The *“Special rules”
column will also be used te cite the
special rules that describe experimen-
tal populations and determine if they
are essential or nonessential. Separate
listing will be made for experimental
populations, and the status column
wil include the following symbols:
“XE"” for an essential experimental
population and “XN" for a nonessen-
tial experimental popuiation. The
term “"NA" (not applicable} appearing
in either of these two columns indi-
cates that there are no special rules
and/or critical habitat for that par-

72

U.S. Fish a:

ticular spet
propriate
through
that specie:
other rules
such wildL
quirements.
references
column list
two Service:
species or t
Federal age
ernments,
{g) The Ik
Includes all
example, tl
bons) is liste
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1.8, Fish and Wildlife Sarv., Interior

ticular species. However, all other ap-
propriate rules in Parts 17, 217
through 227, and 402 still apply to
that species. In addition, there may be
cther rules in this title that relate to
such wildlife, e.g., port-of-entry re-
quirements. It Is not intended that the
references in the *“Special rules”
column list all the regulations of the
two Services which might apply to the
species or to the reguiations of other
Federal agencies or State or local gov-
ernments.

{g) The lsting of a particular taxon
ineludes all lower taxonomic units, For
example, the genus Hylobatez (gib-
bons) is listed as Endangered through-

f

§17ay

out its entire range (China, Indfa, anu
SE Asia), consequently, all speciea
subspecies, and populations of thas
genus are considered listed as Endan
gered for the purposes of the Act. In
1978 (43 FR 6230-6233) the species Ha
liaeetus lencocephalus (hald eagle) waa
Usted as Threatened In “USA (WA,
OR, MN, WI, MI)" rather than {ta
entire population; thus, all individuals
of the bald eagle found in those five
States are considered listed as Threat.
ened for the purposes of the Act.

(h) The “List of Endangered andg
Threatened Wildlife” is providea
below:

C R

M
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" ] :
fpcd, Hintorle 1
x'i» i . Common name Sclontllic pame e . o trarrad
e
k-3 A
war Dest, musk Koschus 3pp. (68 $pRCIN).mcesrininscmsser | CoNlIM A B ASE ooecestrennecesnsonsennnn | Afghaniainn, E 15 NA NA
Daer, Norih Chioa slka..... .3 Gerins nippon clark Chins (Shantung and ChhH Provinges) ..... E ] NA NA
Daar, pampes Orok BOrOATICUS oo .| Biaak, Agenting. Uruguey, Bollvis, Para- E 15 HA NA
Quey.
Daver, POrAIER 18OV ..ot cnsrimmasssonss] SBTVR GRTLE NESOPOIBTCE ceeversssssssanersas. ) [PAD, 1AD - ) E 3 NA NA
Daar, Py Axiz (= Corvis) poroiss calamianensis.....| Phiepinas (Catarmian ialands) do. E 15 NA NA
Deer, Ryukyu ks Corvus nppan A Jepun [Ryukyu lelands} do E 50 HA HA
Duor, Shansf siks Corvus nlppon g Chins (Shangh Province) ..........oceusmsossssd ooons o E 50 HA NA
Dadr, South CHng PR . meeriesmens | Convirs nopon AOPSEIN ...uuuusmemmssssanerness] SOt China <o E 50 NA NA
Dear, swamp {«barasingha) Convus duvaucal Indig, Nepa! — a6 E a NA NA
Daer, Yarkand Corvwy glaphus yarkamdensis Crina {Sinwlang) do E 50 NA NA
Dhole | = Asialtic wild dog) Cuon afonus USSR, Kowes, Ching, India, Southeas] | B0 E 3 NA NA
Asle.
Dribblas Antechious spicak: Auslial o E 4 MA NA
g Dog. Alrican wiki Lycaon pecius Sub-Saharan Atidca a3 E 139 NA A
Dl Papio kncophaeus .. Se——— (-1} 11T UL LT YT da, E 14 A HA
Dugong Dugong dugon Easl Afdcn to southem Japan, kxckeding | .80, o E 4 NA NA
U.S A (Trusl Tatiltordas).
Duthet, Janlink's Cophalophius JonBild.... s ST Lotow, Libatta, Ivory Consl...mncd won @ucisrisnn rtsesssatsiees E &0 NA NA
Eland, Wealorn glant...vcoevctieenen| JTAUOUAGUS dortvanus diitianuy ..| Senegal 1o lvory Coast oo, E 50 HNA HNA
Elephant, Alikcan Laxpdonts alicans Alrica T 40 NA | 17.40{s)
Etaphant, Aslan Elophas maximus Seulh-contral and Soulhoaat Asfe E 15 NA |, NA 8
Forrel, Hach-lootad A, ngpes Yoatern US A, Weslorn Canada E 1.3 HA HA 0D
Fox. Northern swill Virlpos vilox hobed v USA. [Rorthem plaing), Cannds......oeevenn] CANBER criassiisarsnmenn E 3 NA HA =y
Fox, San Joaguin ki Vuipes mutica USA (CA) Enlka E 1 A NA N
Fox, Sinlen. ... Canis (S ) #mons; Ethiople do E ) HA HA oy
Guarola, Crark's {~Drbatag) o) ATHTIOGONCES ClarkoV. Somalis, Ethiopia ) E 3 ha NA &
Gazale, Cuviar’ § Gazetta cuvied Maigoco, Algers, TUNIBE . st oo da E 2 NA (L S
Gayalle, Mhorr... | Gazalla dama mbxor. Y de. E 3 NA NA
Gagslle, Momccan (= | Gazells dorcas massaasyls. Moocco, Algorta, Tunlsla do E 3 NA HA  we
Garslle, Ric de O Dama | Garella dame iozandl. .| Yeostarn Sabaia da E 3 HA HA P
A Gazalle, Arablan Asablan Peninsula. Palestion, Sindl...ueneef 1B goro— E 50 NA HA e
i -7 Geaells, pand Jardan, Arabisn Pennacls de. E 50 NA NA
SV Gazale, Saudh AR oecoerrnensrssrssenes] Jlunel, Nag, Jorden, Syrla. Argblan Peadns | eolovrmsrin] B 0 NA HA
Uty adn,
~ Gazevie, Palzaln's Somal el £ 50 NA TR
LIRS Garells, slendr- <o [ Sudan, Egypt, Algeria, Libys g0, E 3 Na [T .
ey GIODOMR e rerasrimrers s e < | Chine, Idin, Southenst Asia o El 318 HA RA §
L
5k ™~
L, "%
ot
) *-3.'
K4
: Qoal, wikd {=Chilten mathhot)..... ..oo.ee .. a - " T ot
?t' Capen asgagrus { = fakconed asig). y Adls } Ghitan Rengs of ' E l 1% ' NA l T -
§ wosl-cenlral
v Govad. Marwrvhsacd-e n et - Pakizian ;ﬂ
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Spacies popmton wheis | St | when | Citeat =
Histork: rarge A ol - en N
Comton Nams Scignillic namae ™ ang:m:ne:d of tua Hsted habitat niles :::
Leming.... Lemuridas {incl. Chawogalaidae, Lepile- | Malagasy Repubiic (=Medagascar.......cef oo S E 3,15 HA NA
mucidas); s mombers ¢! gentra
Lemur, Phaner. Hapalamur, Lopdemin,
Microcebus, Aliocelx:s, Chexogataus, =
Varocia.
Lecpard Fanthe:a pacdus -} Alica, Asla, Whatever found, E13, 5 114 NA NA
excap! whara i
is Ksled as
Thraatengd as
sal forth betow.
Do [ O UUSOORN SO do in Aliice, In the T3, B 114 KA Y V7400
wild. scuth ol,
and lncluding,
the fallowing
tounlilas: -
Gabon, Congo,
Zeka, Uganda,
Kanya.
Loopard, clouded ..o n s eare] NOOTOKS bk Soulharst end south-ceniral Asls, Talwn.d ERNS . s wrmsiee E 315 NA NA
o Leopud. sow : Pantiora vrcia Caniral Asia S € 5| NA[ M
Linsang. spotled Py T pAhCOIr Nepal, Assam, Vietnam, Camboula, Laos, do E 15 NA NA
Buma,
Lion, Aalntic Panthera ko persica Turkoy 10 Indla do E 3 HNA NA
Lodis, ladwer tlow - 4 Myctcebus pypmadus Indochina da T 1) HA | 17.40(c)
Lynx, Spaniah.... Folis { = Lynx) Spain, Portugal do. E 3 NA NA
Mataque, Formo: Macace cyckpis Tabwan (TR S do T ] NA 1 17.406) gy
Macaqua, Jepanske M, fuscal Japan (Shikoku, Kyushu and Honshu fs- { ... dg-... s | 4 1] NA L 7240} &
lends).
Macagus, Non-dsHed Indla e E <] NA HA f_“)
Macaqua, slump-talled incia (A238m) 10 SOULRBIN CHNR..vewwcrissarae:] s T 10 NA [ 17400c) ®
Mataque, Toqus Srl Lanka (=Ceyton)........ ¥ 16 NA L 1T400c) £y
Manates, A South Amerkca {(Amazan Aiver Bagh) .......f ... E 3 , NA NA &
Manales, Wesl Alvican..... Was! Coast of Alrica from Senegal River | ... T 82 NA Ha
1 10 Cunnza Aiver, =
Maraies, Wasl indian (Flotdal......mmu Frichactius manatus USA. {scuthesstam), Camibh Sen, E 1,31 17.95(8) NA =
Soulh Amarka. ?
Handoll Faplo sphanx Equatorial Wel Alrica E 13 RA NA oy
Mangabey, THRE RN ] CRCOOODUS GRIBAIS erssrsmmssircsrssseosssroenass] KOPFR E k] HA HA &
Mangabay, while-Collaced Sanegal 1o Ghana; Nigens 1o Gabon ] el E 16 NA NA v
Margay US.A. (TX}), C. and §. America ..., ot Moxko southward ... E § HNA NA  on
Maskhor, Kabal Afghanistan, Pakistan Enlira E 15 NA HA
MArkhor, SUaIGNI-NOMET wemersmerescrssesrnron] CRDR EAICONET JSTIO coerrerrsnssienenrssssnss oo do ety € 15 HA NA T
Marmoasel, buff headed.... Bl do. E 139 RA NA O
2
Marmosel, buity billod-#8 ......uunee e | Calittix Juce [
Mumaaed, colion-iep ] Sage m’amu - E 223 NA LI~
Mumoash, Goalh'® .nvccmasrmosssssesssiso Catiruco gowekti { Brazh. Colomule, Ecuador. Pan. Bomia E L HA NA in
Murmol, Yancouver haland AManmola va Canada (Vancouver inlln&) ) ) e 3 m HA it}
Manupial, By Al [RORN— E ey

Maryenigl macas Ja- 8 daa- s
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Varlatxala
Specion population where | Sta- { Wnen | Ciical | Spechl 53
Historic range sndangered or fus Nsted habitat fules .
. Comman name Schentific nams Unentanad -
onsi t HA Ha
Oltay, glanl Le! & b sil Somh Ama :ﬂn E 3
- long: Joagic, A A D 3,15 NA HA
8’,::," lovgtaked... - i:‘,’;: fohna vk o Pl m .:mn 10 Stratia of Magoitan.... o x..... A E - g :: ::
prsS————— L N ool 9. Argof
On:'r. mhom :l::‘ fnhyzv [T T — Wast coast WS A (WA, OR, CA) saulh | ..o " T H] HA 118
) 10 Mexico (Bajs Cakornia).
Pands, glant APMWDd‘ fanve Peopla's Reputic of China 00 g‘w 12: n: m
PRl (o 4Gkl ANNSEIME comnmcrivonsecansnr ] ARTVE tetrTiCA] Atrica B € 4 NA N
PRAINEE, FIAUR e csremsisssrimssmssnssnns] FEIS CONOKN G ... A USA (LA and AR eaa1 10 SC and Flhe.o| v 80 csmasnmsonsmansrsnn| A
Plaiigale, s Planxgals logram! Mrab.wm (mfmmy P AUBURER o ovnrnorresrsenessesapimmstsrastbsretases servsmants] sssses 0. E L] NA
Hanige! st Pl::;l::’fm‘,' -7 JSUP R da o 30 £ 4 HNA N:
Forcupiet, AR-IpIeS Chadlomys subzpd BIBIN e smssssmsmmssrssamsssscrssssmrasone| o do £ 33 m :A
Fu:wm. Lua\nnm B resssismare ] GyiTNOhelIUS Hadbdatod. D0 snsammrs s snerssmmmmssssrsesba pepesag s sastenms § atsos dr: E 2 : o N
Posaurn, ritak mnﬂ Bursmys parvus Austsile g £ ' ta ~
P TT I T YT LR T T R —— qukfa aqunmudau t.d;:l:o -0 ¢ 3 e Na
Piavie . Mexican Cy o
Prairla 3::. VIR v omsr s esmasesprieesticssassnsras-] CYTHOMYS PaTvidens USA (UT} - L% ;l; N 8, l:: z: 17 40'{32
Proaghom, peminmaiar Anbh X p'nmsuim S 1 S Y T U T S ——— d‘:m [E— p . . A
Pronghoin, Sonoia ... - Mhbcapa LTENCANR BONDINENLS |, JUS A {AZ), Mesdco i . " A
Pudu Pucks pudhd Souiharn Souh Amesl & E 1% ol o
Puma, Costs Alcan Fabis Jor coatarkens! Hicaragua, Panama, Come FCh ] 0 an e € iE] HA Y
Cluokks Sefonix brdchywtd Australla do £ -] HA -
Aabtnl, Ayukyy PoraIAs, BNDBIH v rverersomssssmssemsisosnsans] JBPATL [Plyulyn hafands} o, £ 52 :: o
Agbirt, volcang Rcmamtagus dhar! :l:xﬁ ﬁ E : N M o
Aal, falss waler sisatin
Rat, Froant KERGRIOO vt rasrsrassimnsoster. D:padonm mm!oda: wﬂa........._ .......... - VSA {CAY :: E ng :;ggm :: -1
Aat, Morro Bay kang 578 PR go. £ : k ol Y q
Rat, atick-nasl —_ do. : : oy "
IR TTLIL L RPY S R——— - Y LT ne————r e RS B L o< do £ : N M h
Aat-kengaiag, Gumerd's do € ¢ pia ol s
Rat-kanguoo, Lavst's - do s : A a3
Bat-kengetao, plaln .., do g ' Ay My -
Aat-kengriog, Quesnalend....mame . do £ o W oy ~
Hmnocﬂus black us:ybs::“::? Alrica d £ ! a Na P
a, Map
ﬁmmcu;: e:::lnhdlm 4 tndonesta, lndochina, Burma, Thakand, { ... 11"+ SO E <] HA NA s
F] Siklm, Bangludesh, Malaysiy. &
REETET TR Lot R L ——— | | Zake, Suwdan, Ugande, Canlial Abican | 80 i E 3 NA NA o
Arpublic. "
L Sun Bungladesh 10 Visinam o Indonedds | ... E 3 NA HA E:
Botheot. o
Jaiga, Mongotian { Pe) “’i""'."‘“" 0. 13 11 NA NA g
Nt
Sakl gouthern boared Chiropoles satanas saianas Brazll v 30 s E 233 NA N ©
Sax, whito-nased CBIDPOIOS PARIUE e srstisrsrsrmemnis] os: 4O do E 3 NA e a
Soul, Carbbean moak Monachus topicali Carlbbean Ses, Guil 0] MIXKO..ccvorimsiensio] cooeciemmnae E| 1.2 48 NA NA
ETT N TR SR T OO L -% PSS T L —— Y 1 da. E 18 NA A T
Taal, Magh mank Monachus moracius Medit , Nodbwest Alfcan Comat | ... 89.ummicansd  E 3 NA TN
and Black Gea.
teladang {=Gau) Fos gewvs Bangladesh, Southeast A;I‘s i - E 2 NA na B
HIOW -t st s | SHPICOTYS A Em Anla, Bumelie., S - ¥
isrvad, Bachury Ealiy aaeval cansianting --r-

phovanf Py ]
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Spacion pop\‘.,: ‘:1? '"1'1 Sta- | wh Citical | Speclal g
Hislorc 1ange allon whate ' on 1 P H
Common name Sclontlic hamye "'ﬁ“ﬁi’:&“ tus Wated habitat sy :
Yicuna dcug Soulh Amarica {Andes) do E 3 NA NA
Vole, Amuig | Microtua cabifomkcus scikpensis X 3 ) SRR TRIIO, da B - 168 | 17 95(a} NA
Wallaby, banded hare Lag g fascialud A fi w80 E 4 NA HA
Wallaby, brindied nall-inlled Onychogalea iraensis v D do E 4 HA HA
Wallaty, croscent nali-lallad., -4 Onychogales hunala do da E 4 NA HA
Wallaby, Purma Macropus pamia do - . E 4 A NA
Wallaby, W Lagorchastes hwsulus N TR NURR TR [Poeres Ao E 4 HA NA
Wallaby, yeliow-fooked roch Palrogal 7 TLAA———— do . E [} NA HA
Whals, bivs Balaenoplorh rescuius Ocaank - -] E 3 HA NA
Whals, bowhand Bali mysiceius DOcoanic (noxth labudes only} ...tg. £ 3 NA NA
Whate, finback | Balagncptom physalus Ocoant; do. E 3 NA NA
Wha's, gray Eschichiug robustug . w4 NONh Paciic Ocoan: coastel and Badng | v do.... 3 ] NA NA
Sea
¥hale, humph Megapiorg novaranghias. Ocosnlc . ) E 3 HA L« NA
Whale, right 8al PURCIRET oo ecrssssssrsssrssrssrsemsmsrssmmiaiss ] oreess do da E 3 NA MA,
Whale, Sol Buzonoplonm boreel d0 1) E 3 NA NA
Whale, speem PHY36L0r CRIOBON rirarasmssasssssissssssmenssisssssasn ] surasd do e A0 E 3 NA Ha
Woll, gray Canls kgnss Holuiclle US.A (48 =~ E|1.8 13, | t7.85) NA
conlermingus 15, 35
& States, excopl
L MN). Manko-
ORI g do T . USA (MN) T 35 | 17.95(a) | 17.40(0)
Waoll, maned Chvysocyon beactiyuna........ eeerereren] Abgonting, Bolivia, Brazd, Pasguey, Un | Enlre E 4 NA NA
guay.
Wotl, red. Canis rufis. USA. (southeasiern USA. werl 10 600 | e 80 " E 1 HA NA
yal TX),
Wombal, haipnosed {=~Bunad's and | Lasiorhious kst {locmerly L bemarh | Austiake & E 4,0 NA NA g
Cusentland haky-nosed)- and L. gitespiu).
Weodkal, Key Laigo ... .| Neatoma floridaria smali... USA. (FL} % E] 1315 NA wm B
18 -
Yak, wid. Bos prunnk Chian (Titsat), kncis e E 3 NA NA
Zebra, Gravy's Equas grovyl Kenys, Ethlopla, Somalls da T 54 NA HA Q
Zebry, Harimeon's SOUTEN........cmmmmd EQuid 2abra hartmannias. Hamible, Angol R . Ti &, 11 NHA HA
2ebaa, i [T R L R —— South Afiica e GO E| 1M NA NA :
! Bioe '§
Axeps, Hawad hooercreepted Lovps oo 3 COOOMGUS USA (H) - E 2 NA HA o
N+ PPN TTI, RS & E 2 NA NA
Algion, Kausl honeyosesper) ... TP T NPV T 17 TR [P - Ir——t—e e P da, E 1 NA NA
Aklapalsau {honsycreuper) Hamignathus arwrdd { = wisoni ] - E 1 HNA NA m
Alakona, S00M I nemrsssiiresrnd DROMERIS D& North Paclfic Ocean: Japan, USSR, | Entea, except E 3 HA NA o
U S A. (AX, CA, Hi, OR, WA). uga =
Blackbird, yohorw -#houlkdersd e Agwiaius xanthomus U3 A (PR) Enlke 3 17 1 t7.0500) NA o
2
Robwhiie, mathed .
Boat, Asborte - - | Sots viginansa isprayt... | V.54, AZ), Maxico (Sonorm) to e
n " N i crvtssigpamcaenas | Indiiun Ocezn: Chulstmas lsland. 3 NA HA
Dasyornis beachyplesuy boogi Australl L J—— vevane| E 5 HA NA &
Brtstlabid, weslem rutous. Dasycrniy broactvend &iomt sirals . do E \n
Broa N 2 NA NA
oadti, Guam .......... wt Aylagea Repcinglt e 0 3
Buttiul, Mautilus olvaceous.. " taprpetes Wm +| Wantern Pacitis Ocesn: U.S.A [Guam)...... . Y. £ 16 NA NA E!
Bulbach, Bag Migual {tinch).. | Pt * tncian Ocenn; Maurlus . ..., o 188 NA 5
Buahwren. Naw Zealand . Esntam Atlante Ocenn' Azaras - E 3 NA NA  a
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Spacles

Sclentiic name

Historlg ranga

Veriobrata
population whide
stdangered o
theanlanad

Mo

=

soulh to notiham Maxkco....

US.A
(conteminous
Slates, excepl
WA, OR, MN,
wel, MI).

Eaghe, Greoniand whll 8128 wevirresirornss]

Eagle, harpy.

Eagla, Phiipplos [ =monkey-aebng}.........|

Eagle, Spanish lmpaiin

Egeat, Chinasa.....

.| Groentand and adjacenl Allanlic slands...

USA. (WA, OR,
N, WL, M1y,

Maxk:n south to Arganth

Aguia heliaca 8daloorl. ...,

Egrofls

tnnhol;

Falcon, Amedican p

Falcon, Arclic peregiim . remuensd

Falcon, Ewsslan persgr

Fakco pereges b

Fakeo g i

Spnln. Mctocco, Mgan-

Ching, Korea...

Nesls lom cnnwi Nasn AC1o¥ 0orth-
central Cansda lo central Mexlco, win-
ferp soulh lo South Amarka.

Nusts dom oothen Alaske to Greanr | ...

land; winters south to Ceniel and
SomhAmurlu
Eumpc is south to Alrica and Mid-

Faico 1o

Falcon, noﬂhum splomado

Falcon, p

Finch, Laysan (honeyGreepedd

Faico p

Tolospyra { = Psittrostra} cantans

E
E

USA [AZ. HM. TX). Moakco, Guatemal
Waoldwide, excopl Antarclics and mel!
Pacific islanda

Wharever found in
wild I the
conlerminous 48
States.

E(S/A)

Finch, Nihos (hORBYCTEBRE!) i rerammrions]

Ft,-culchal Eulot s

Fdfespyzl (= Psiftisostra) Lehina ..
pidonax suler johastone

Fly heltes paradise

Topph !

Flyculchnr 'I'ahlti

~ nga.-

Foudia sech

Fody, $ Has { liﬂch)
annlnbud Andraw’s.....
Goose, Atgul |Clﬂldl
Goose, Hmmun {=nang).....

] Frogata andrews! ...

Srants canadmss Wm-:

o Hefoo’aan (= Grania) sandvicens’

.{ East Inglan Ocean. ...

Goshawk, Chilsimss Island
Grackle, slander-billed. ..
Graagwran, Eyreun (tryuichac
Grabe. Autlan ... -
Grasnahank, Hordmlnn
Guan, horned

| Qufsicahss ( = Cassidix) palvsins.

Podiyming gigas .
.. ] Tanga guttfer ...

Guif, Audouli's

fascialus natekis

USA. (H)
o

Wesl lndas Grenada

Indian Ocean' Saycholles

Soulh Pacific Ocean: Tahil

Indlan Ocean Seycholiga

U S A. (AK, CA. OR, WA), Japan

USA (HD) ...

Incien Ocean: Civistman Mand. ... o

Haxico

Australa

Gwpﬂ«mm

.. | Gualemata
USSH Japen, axth (0 Mulaya, Bomeo..

s Moxlea

L arus sudonsnid

Gull, raket

Hawh, Anjouan stand -pmow ............. _—

Lanes redictus

Accirler lrancest pudlilis v

Madalenanun Saa

India, Chins ...

indian Ocean: Comano Mlands

&8

mmmmmmmmmAammmmmthmm
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1]
3
3

2
2,9, 145
2.3, 145

1]

-
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-

Howh, Galap.

Hawk, lelllln( Io] .
Harmi, hooh-biled (hutnmingbird)
Honeyctesped, crosted | ='akohekohs).......
Haorntil, helmaled -

Honeyaaler, helmeled

Ibls, Japanese crasted
KEGY e - e v

o | NppONIR DPOA o innn
.4 Ammochelor bbaius...

Butet palepagosnsis ..
Buteo sohlanus
Gilaveis = Ramphodon
Palmeria dotel

.| Ecuador m.luplgﬂ Iunndul

| Brazh ...

RAtincplax vigh,

Maliphaga cassidy.

U3 A [HI.

USA ).

\’hllllnd Mabiyala

T enin, Japan, US B, Koobomm

Soulh Parcillc Oemant Naw Catardanls

17.410)

NA
NA
HA
NA
NA
HA

NA

{worIp3 98~1-01) I *yD ¥4D 05




ar [ - " - -
Gulh, vt J tanm st L3 B i |invasCmnat. . 73T E I I | me
Hawx, Anjousn IMand ap Accprlar kancesd pusika - 1 Quual, G20 Inlands - - E a NA NA g
. o
Hawk, Galapagos | Butec painpag A Ecuador (Galapagas 181anda} v comvsncsraec] e B0 E 3 HA HA _c:
2 Hawk, Hawalian (=i} Buteo solitark USA (Hd)... o E 1 NA A i
N Humi, hook-biied (ummingblrd)....oemu.w..| Glatcss { = Amphodon) dolvid...... — - T do. E 1% NA HA °
. Honeycreoper, cisuled {s'shotekons) ......| Pelmena o, USA (Hl).. ... do E 1 NA A B
dif Hornbill, halmetad Ainopiax vl Thatlend, Mataysa . do E 15 NA HA ‘=‘. '
a1 Honeysalw, heimetad Matphags cassiis, AusUahd do. E 4 MNA A a
i 1568, JEPRNEEE COOMM cepsrsssssassirasaseren] MIPDOUR BPPON.ccrcvrreerssssitsrassstissarsssrernsene] TR J8PAN, USSR, KOOl e rrrmrs] o do. € a NA RA 5
8. Kagu woen. RAynochalos jubalus Soulh Pacific Cconn: Now Catedons. ... do. E 3 NA NA Q.
Y41 Kakapa (= owl-pariol) Senicpd habropiibe New Zeaiand do. E 3 A RA
£ Kestrel, Maulius Fakco punclal Indan Ocenn. Maunlus da E 3 NA HA ?,
1‘1*_ . Kestisl, Seychstlos Falco araoa Indieny Ocenn: Seychellus lsinnds da. E 3 N4 NA B
e Kanglisher, Guam Micionesian Halcyon cinn i Wastern Pacilg Ocean: USA {Guem).] veoalfOrunren E 158 NA HA =
L Kits, Cuba hook-billed..... . : . Wesl Indias: Cobn da £ 3 NA HA
N Kite, Evergiade snal USA (FL), Cuba Flonda E 1| 17 9500} NA
LT, Kits, Gronads NOCK-BUIE .e.usermessamersersed Weil lndies. Grenada Enurs E a NA ¥
ik Kohaha [watlvbud) Now Zualand da. E 3 NA NA 3
A8 Macaw, gi ...] Partiguay, Uroguay, Brazi do E 16 NA NA .
t Macaw, lnago Braxk do. E 1] NA NA T
oL F. Macaw, Wnla blus da do E 15 NA HA 3
¥ Magpie-rotin, Seychehos [thausl ... ] tncian Qcenn: Seychulios Iutands o £ 2 NA NA o
Lt Malhoha, fed-Tnced (CLCROO).mmrns o] Sd Lanka [« Caylon) a0 £ a NA NA 3,
iy Matad, Madana Waal Pacihc Ocean: U.S.A. {Gurn, Mad- 57 T E 23 NA NA O
: ans ls1ands), -
: Megapode, Micronsslan (=Ls Perousa's) .| Mogdoodus Mpsruss o] Woal Pacilc Ocoan: U.S.A. (Pulau ldand, § ... [+ FA— € 3 HNA NA
{ 73 ca Meneng tslanga)
l‘ H O ogapods, Malso MACIOCOPNGION MR crremeevrssssessseessresrens indonusia {Calebea) E a NA NA
f Miltortud, Non {okd Workd Warbier) ...} ACrdcaphalus fasmusars kingd USA (H) E 1 WA NA
4 } Monarch, Thuan {okl world fiycalchéth.......| Monescha tekaisurasas... .f Weslun Pacltic Ocean: USA. (Mariana € a NA NA
] st Islanctsy
3 e Mooihan { = galinula), Hawaian common...| Galinule chioropus senavicensls.. | LS A (H) do E 1 HA NA
e Moditien |=galinuie), Madank COMMe....| Galli chiopus pusd .. - .| Wastwen Pacihc Ocean: US.A. (Guam, | ....d0.... W E 158 N4 NA
(s Tivan, Seipan, Pugan),
ﬁ Nighjar {wwhip-poor-wili}, Puea Rico......} Capmiigus hocliwus. usa. (PR) a6 [3 [ HA NA
B NuhatDu'u [Ny e S8 Pee). . ..cyssecsenenree . HOigrainug RCHRM ..o sissscoremmmnserpsggsessiansns | 1S4 (HI do E 1.2 HA NA
'y ‘00, Keuad (w000 ‘A's) (hon@yealen .......| MHONO DAICCRRAS wuivinsensisssssmussninmssssanss] ausas & do. E 1 NA HA
HY Ouuich, Arablan Suvituo pamalus syt Jordan, Suwnd Arabla g0 E 3 HA NA
Osinch, Werl AN . rsesssissrresssiisnsinsss | SHUING CANENAE SPRLE nrerrrsssssssamsssscrssresnnnsss|, SPaNIIN Salinen 4o E 3 NA NA
'O'u (handycreaper) Psit paittacea USA () wrurs da. E ] HA NA
Owl, Anpouan scops. CNug ruliug CRENOGNS Wdien Ocuan; Comaora Inland 131, N E 3 HA HA
Oal, GIANE BCOPB vmnrssssmsssssecrmsemsmarssssssmassnsss) S QTN Fiwppuigs:  Mannguque s Mind do E 15 HA HA
slund
Owl, Seychall Indian Ocarn: Suychallus (sanda one G0 E 3 HA NA
Owidul, Mordon's {m SOROKS] .ovimermsimssmcnsiiisn] Keny 40, E 3 HA NA
Pakla (honaycresper) wed USA {HI) 1] E 11 1705 NA
Parakdat, FOrban .. oo Ruw Zaalgnd o E 315 NA NA
Parakoat, golden Brau do E 4 NA NA  «n
Parakesl, gotden-thoulded (=hoodud) ... Austiels . € 3 NA NA =
Puakesl, Maontus Indian Ocaan; Mawitlus do E 3 MA N N
-ty
—
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iabon what

Populn *

andangered or
Wheatansd

Historlc 1ange

Common name Scientlilc name

Pasaheal, ochea-merked.. . Pmtnx Brazi
Paishegl, oranga-ballied —— 1P T Y
Pasakeal, paradizs [w=ben » 3 Psepho a0
Paiskasl, ncarlal-chasled {=splond .

Prargial, Tquolsn., e
Parol, Austraan G d ) -

Panol, Baheman or Coban Wasl Indes: Cubs, Babames, Caymins ...
Paiiod. grownd Austialia
Panal, imperlal Wasl Indiea: Dominice
R T LY TR 10T T, T — USA, (PR).....
Parrot, ted browed
Parral, red-cépped
Panatl, rad-nached...
Paiigl, rad-spactacled.
Panol, St Lucla

oM
4T o e,

s

=
=

Pazoporus WaAlICUS .omessmissssssssassisise
Amarona impnariakis

AIBLONE VB coisiscsssiessomsens rnsssnssassssnssissassen]
M iy

O G} w3 OB 0 4D £ b A b

P

- Waal lndles: ¢
Brazll, Aigeniina
West Indles: SI Luca
Panol, SL. Vincent Wast Indiex: SI Vi
Parot, thich-biled [ o) Maxko, U.S A. (AZ, NM) MO 1t rsmecrspussmsssasas
Panat, vi b ted Brazh Enike

Panatbill, Mawl {hoNeyCraoner) . mnd PSONINESION XANUODINYS ..ocvsimisssscssisnnce] U S A {HI} o,

Palican, biown, Pol: x i US A [Carolnes Lo TX, CA), Wea! Indlaa, | Entire, oxcepl U3,
G. and 8. Amorice: Coantal. Allantc cosal,

FL AL

2

-
- th L) 2 &3
T

288388885

-

mmommmmmmnnmmeammmmmm

2,2.17¢

AT

Parguin, Galapagos Sphoniscus mer

Patig), Hawalan datk-namped .. ..
£h 1, bar-lalied

P;srm#vnupha
Cor ot e

Phessany, Blyth's ragopen..
Phaasanl, biown sared...

Pheasanl, Cabol's Wagopan,
Pheasant, Chinose monsl..,

| Tragopen cabori

. Grossophion marichudoum

US.A (H)

ticuh Ecuador {Galapagos Islanda) Enlve.
SOVE arHiwichensis......,

do.

Buwima, Chine

Huma, Chins, India
China

do

Lophophorss Ihuysk

co

Viainam

Pn 1, Edwaid's
Phossanl, EHOLE mmmsmnssssnn
P , impeilat

Lophr edwandsd

{ Syrmaticus elhol.

Chiona
Viginam

Ph 1, Mikado

Lophurs imperias

P
mekaco.

Telwean

Pheasant, Palswan peacock ...
Phepsant, Sciatar's monal.......
Ph 1, Swinhoe's

Phillpploas

trhol

Burma, Ching, Indin

Talwan

Indla, Paklslan

Phoasant, lragophn

ophure
Trapopan moelanccephalus
O )

fon ore

Pheasznt, white spred

Pigaon, Azores wood

Pigoon, Chrulham AN e e ssiassisrace

Pigeon, MINCOM Z0m-IaBd . o.ocrrmmeusssoins)

Pigeon, Puerio Rican piain

Colsmba paaNS RIGOCE .o,

#nals
} Ducula mindorensis

Hemphaga novassesigncias  chatham-

China (Tibat), lndia

Eant Allanlic Ocean: Azoioe
New Zecland

Philippnes

Cotunba /

USA (PR}

% 53EbB33588555885

i

Frplog guan, Wack-hontedd.,
Pilla. Koch's . ........

Plaver, New Zulmc.f“;f;cg
Piavar, piging

- | Fitta hoctw

Fipula hmw‘

| Fhinomis noveaseslandise.,

| Charadus maiodys

A J LB e
Phitipoiney
.| How Zenlend .

USA (Greal Lakas, northaen Greal

! Plalan Au-rn- w

&a..,
Gronl Lakes

»
»

-
WO WAL L L UL L LW W e gD

SEETEIETEITEES

{uonyipg 9g-1-0L) ! "YD ¥ID 05
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Plaeon, Mundoio Tone-taied...

Piguon, Pusrto Rican plain

Piping-guan, black-it d
Pills, Koch's

Plover, Naw Zealand shoce
Phkvar, piping

o Arganing

P

Phikppines...
Haow Zestand

do.

USA (Graey Lakes, nonharn Grast
Plulns, Ausntc and Guli coass, PR
vil, Canada, Maxkio, Bahamas, Wesl
indive.

Po'oudl (RoneyCrewpod)
Praing-chichan, Attwalar's grealer
Quad, Mamsm's Momezuma.........
Cuanel, resplamdent

. gﬂm

Trmpaniciis cupioc attwalsd ..

mOdiano

Aad, Auklend laland

TP o UIRH TERTT, v S,
Hall, Guam

Aullss Jongirostng obsokit
Raly /

o US A, (HY .
Jusa, T

Groal Lakes
whlurahed n
Stewes of IL, 1N,
M1, MN, NY, OH,
PA, and Wl und
Province of
Onwila.

Enlira, #xcepl
thaie arenn
where Uslod as
endangered

Maaxco [Veru Cruz)
Kuxico 1o Panama

Now Zaaland

U5 A (CA)

W Pacihc Ocean: U.5.A. (Guam)......

RAalt, Bght-looted Clapper..
Axt, Lord Howe wood...
Aail, Yume clapper ...
Ahos, Darwin's

. Ruttis ROGROSUIS KVPAS crrmreresssssisn

US.A [CA), Maxito (Bala Caklornla)... ] ...

Tnchatavias sybvust

P

Australin {Lord Howe leiand)

Maxico, U.S A, (AZ, CA)
Argentns, Bolivia, Paiu, Uruyguay

Rotun, Chatham [aland.............uee.
fobin, scastal-braasted (ftycaicha) .

Rocklosd, geay-nechod
Rochlowl, whils-neckad

| Now Zeatand

Roled, kohg-lailed ground,

Scrub-bwd, nosy

Snama, Cobu BIRGK (UMY .oovvuurursssimsmnas

Shawswatw, Nowel's Townsend's (for
matly Mana) {='A"0).

Shanae, San Clements loggarhwad

Biskun, red

Sparrow, Cape Sable s088di s
Sparrow, dushy sesside

Pulivwy  sufculards  (loomadty  pufting)
noweld,

Lans kaky !

Carcholis (m Spanud) cucullata

Ammodcpmig { = AMmaspita) mantmws
frarablis.

A oramizp {mA ouxa) m

.| Phulippinies

Austalia [Norfolk Istand)

Cameroon, Gabon

.| Afica: Toga to Siorrs Leond...u..

USA. {H}

USA. (GA)
South AMENCa.

USA (F1)

arescuns.

A k&R 3 Tl e F VT T

Spatiow, Flonda grasshoppar

Amph bull ch fu e

Spanow, San C1 ta 3400

Strkng, Rothachild's (Myne)...coveesceeermmmessean

cu

-
USA (GA)
Weal Pachic Ocean: U.S.A. (Carclina ls-
lands).
Ingaivusle {Bal)

B BBE B 8B BEBES
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1. 95(5)
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Common name

Histods range

Verlobrals
population whete
sndangerad or
threalened

Sla.
e

¥Yhen
Nated

Crltical
habd lat

Specla)

nules

Izt §

Stilt, Hawghian {=Aa'c)
Srock, I while
Stotk, wood

.| Ghina, Japan, Kores, U.S S.A
JUSA, {CA, AZ, TX, to Carolnm),

Tern, igasl

WS A, (Hawall)

do.

Maxico, Contrsl and Sowth America.

do.
USA (AL FL, GA,

Switilel, Malana gray (= Vamkoro)..www.| Asrodamus  {w Collocalis] vanikorensis [ Western Pacllic Ocean: USA. (Guam, | Entre
barischi fota, Tinlen, Salpan, Aglguan).
Teal, Camgpbell lshund lightiass Anas Buckiandica nesioty New Zoaland (Campiall Intand) da,
Torn, Caktomia least.... ] Storna antiarum {wm gOHONS) DIOWIH...cuse, Manico, LLS A, (CA) o
Storng aniil USA {Alantc gnd Gl conste, Miss, . | .S A. [AR, CQ, (A,
Basin, CA}, Gr. snd Llesser AnuNes, | L, IN, KS, KY,
Bahamis, Mexico; wintara G, America, LA {Miss. R, and
northen §. America. ibs. N of Balon
Rouge), MS
{Mise. R}, MO,
M7, NE, NM, ND,
OK, 50, TN, TX
{Except wilhin 50
miles ol comal}].
Thuasher, while-bretsted i vttt WBST Indlog: 31 Lucla, Martiolgus Enlre
Thiush. large Kaval kfyadostes | = Fh, ) myadasti US.A. ([HI} do
Thiuah, Molokal {= ClOMA'0) wewenua] Myadostos (= FPh, a}  lanal - . 40,
( mobscuus) nithat
Thwush, New Zealand {watllebhd} Tonagra capensis .. Now Zealardd (]
Theush, small Kael {apusich])... Myadasios ( r Phaoox, f-0) USA. (HI} do
Tinamou. solilery...... T# solifarkis. Brazll, Paraguey, Asgeniina a4,
Trembler, Mertinique (thrashet) Ginglocerthia ricauda QARNRES... SR CETT% LT R AT T TP SN . . }
Whea, a3l Bel'S..v..cccecerennee | Vreo balik pusilius S US A DA, Mesice &0
Wanderer, plaln {collared-hemipoda) ... Pedionomous (omualu Ausiralla do
Waerblat (wood), Bachman’s ... | Vernivora b achaani U.S A (Southsastemn), Cuba -
Wasbler {wood), Barbadan yallow..... - Dendcoica palechia polochi.mmuirenwn| WKl indlos: Berbados do.
Watbles (wood), Kilnad's Denckpica kilandi USA. [pancipally Mi), Cancde, Waal } ... &0
indley: Bahxma i3tarkia.
Winbler [willow}, ightingale 1edd.....co.....} ACFOCOPNRILE KISCHVE o.oovrrnesmminererensssreasmrsannss) HORAIT PACITC OCHAN ciomrimmsrnsissssrrmasiine] U.IBA. (Madana
slands).
Wartler {wilow], Rodnnuea | Bobromis rodericanss.... «4 Mautltus (Rodrigues bilands) Entire
Warbler (wood), Sempar's | Levcop@ze $8mpad s .| Wbl Indies: SL Lucls do.
Waebtsr {willowr), Saychalles .. Bobvorris secholiensis Inatan Ocaan: Seychellen leland do.
Wihipbhd, Wesl Paophodas ngroguias......m.. .| Aualralln ]
Whils-eye, bridled Zuslerops conspicdiata conspichiate. | Waslarn Pacitic Ocean: U.S.A, (Guam}.,ud o L.+ T
Whie-ayo, Nodolk IHand....cminmsnen] ZOSIG0PS albogulan Indian Gcean: Norfolk talands do.
While-eye, Ponape graaler. Rukia fongaosirg {m sanford.....s s | Weat Pacilic Ocean: USA. (Casoling s { ... - RN

landa).

Mmimm Mmoo omm m
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Wiule aye, Seycheites....un nratrasse o e

Wooditnckar, nparl:

Zoaterops modest
o hot

Indian Ocenn: Sexchell

Morkco

Woodpached, ory-bted ... e isisinns..

L e’ La "
Campopinive poncipali

Prooides { = Dendrocopos) boreally

Woodpecker, red-cochaded

HAFpTH ER

] DyOCORUS favenss Achardd. ...,
| Yroglodytes sedon guadakoupsnsis

] Troglodytes sodon mescleucus

Cuba.

~fUSA (southcentral and southesrlemy......d ...

Koo ...

USA (southeonlisl and SOUtHanstenY, | oo

Woal Inchen: Guadaloups

1 Wasl Indlas: S Lucla -

mmmm mmnm

wown wes

HA
HA

HA,
HA

E3

$%%

HA
HA
NA

HNA
HA
NA
NA
NA
NA

NA
HA

HA

NA
NA
NA
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g W gty T mM=ry o T T T 1371 =t
Wihie-wys, HOIalN [Mun “!Y Pmﬂc Ocudn: UG (Curolna I¢- | oo P - I E l J | [}, F
Wikille-aye. Ponaps gealer.. oo ; A g

- e Zoatecops moceiia Inckan Ocenn. Swychulles. .. 60 E 3 NA LI~
ity ot Campopiuiss imponats MORED e 1o " da E 3 NA Mx o
Woodpacher, kory-bited .| Campephius prncgais .. USA el and s0utheaslan). | ... do-. E L3 NA =

f Woodpach e, fed-cockaded. .} Pcowias = Dendiocopos) borsals . " S, < o E 2 NA HA B
S woodpecker, Tistam's ... ONYOCOpuUS VensIS DCAGIUSI........ Korua do. £ 3 NA NA
wran, Guadeloups house Troglody1as addon guadolouponss MALETIUC TR TR IR - R_—— caner CRY e - E 3 NA HA o
? wien, 5t Lucia hduso....... | Trogiodytes sedon mesolucus.... .| weaal Incias: §1 Lucia .. E k] HA HA p
REPTLES g
AUIQRIOA, ATMBICAN rvvosmsessissrssesstisramenreses] ARPALOE MUSSBHOLIRNGIS e ovee South pUSA Whureved louad n E L 11, 53, HA HA B
- witd Brcept those 0, 113, =
Laus whare 134, 188 f."
halud as *
. Hxantansd as pul ,,”‘
Tuith bulow 2
Da PSS P da W.8.A, {ceral Tl 2042, NA | 1742000 O
mues of GA and 51, 60, P
SC, as sl foth 134, 186 a3
0 A7.42(a) 1)) ;
17 42(e)(1)). X,
Da do Y WSA (FL LA ang |T{SFA) | 13, 47, NA | 17.42(8) 9‘
TX}); 6 capuvity 61, 60,
whetever lound 113,134,
=] 188
& China Entirg E 15 NA HA
. ? JUS A (PR; Colebra faland) do E 25 | 7.95(c} NA
3 Epiciatas subiavus, Jamaice do. E 8 NA HNA
Bos, Mona Epurates 4 MOnNInNg [EX- 7 W | =) DRI SV oo T 33 | 17 85(c) NA
Bou, Puero Akco EPICTRIES MWTHIN ..v.py s s reseneseens cxsspppecenmsssroe] oo da do. € 2 NA HNA
Bos, Aound laland [ common namel .| Casardd thsbiailind ... oireceemecssiomsssarenenees:| Wban OGEEN: Mauwditug da E as HA HA
Boas, Aound lalang Ino commen namel ..., . a0 E 88 NA NA
Bow, Vigin (Hlands Wés... (18 and Brikah Viegin ltands. do. E 2,86 NA NA
Calman, Apaporis River . Coknbia do £ 15 NA NA
Caunan, black Amazon tiasn do E 15 HA NA
Caiman, biodd-snouted Beanl, Argenting, Pasaguay, Wuguay do, E 15 NA NA
CRHIMATL, YBERIB.cryots emnemesersessa .| Botnin, Argenuaa, Pant, Brsall do. E 3 NA HA
Chuchwalts, San Esluben lslend ... Munc .- E &8 HA HA
Crocodie, Alrican dwart . Wust Adica da E 15 NA NA
Ceocodids, Alucan shandie-snout Yaatwin and conlral Alrica aQ, E & HA NA
Crocodie, ATNICRN .ot ceesinasrnas JUS A (FL), Mealco, Souih Amarica, Cun- | .00 i E 10, 87 | 17.85(c) NA
ral Aménca, Canbboan.
Cirocadls, Caglon muggwl LU R T T U S do.. E 15 MNA HA
Ciocaade, Conga dwal . Cono River sunage da E 15 NA NA
Crocodie, Cubsn Cubia do. E 3 A, NA
Ciocodila, Mocelat's. Manlco, Balize, GUitEMAN ..o csrsrematerrones] srosue L X T E 3 NA NA <03
Crocodde, Mugge: fhus pakisins paks ceered ek, Paklvtan, lian, Sangladuah 80 E 15 NA NA =
Crocodds, Nie CIDCOT RIS PAMIOUF vt e ersmesss st Atk do € 3 NA Na N
-t
el

RO .
R e g




Whan
[T

Crlncal
habilal

e

Specles vrmlul:u s
. o g Fapaion sbe | S
Common nams Sclanliic nama w:?lonod
Crocodita, Ornoco Crocodyhss kit okl South Amatlce: Osinoco Alver BN ..o.eid vt 00 cecctiriiisesecntsanen, E
Crocodita, Prutipp Crocodylus noYRogUINeas Minkxansis ... Phiipping 1alands ...... o, E
Crocodie, sallwatss {=estuptiie}.. ... 19 £ Soulhoast Asle. Austialia, Papua-New | Enlke, sxcapl E
Guina, Paclikc latands. Papus-New
Guines
Crocodis, SIBmess. ... Grocodylus slamens Southoagl Agta, Malay Pgninsula Enlire E
Qavial {~ghadal) Gavialis g 3 Petstan, Swma, Bangladesh, Indla, §.. E
Nepal.
Gocho, day....... P L T I T — Indlan OGean; Maurlius . E
Gacho, Monilo Sphasrodaclyhsd micsopihecus USA PR} E
Gecko, Aound 100D A e rmrcnrvsrsssse | PRBISUAIS QUOAINBH ..o strsterrsminrsassiss. unene| bIED OrBAN: MUY E
Gecko, Serpand Ialand Cyrtodaciylus serponsinsvia . .fa. T
lguana. Achlng graund.. A Cycha nlayl nchar: Wasat s Pk T
iguens, Allen’s Cay ..... Cyviua Cychiurl MO v e do T
Iguans, Andros Falnnd giound . Cycherh cychina cychiurn [ - ) T
Iguang, Anegeda ground.. ... CYCIHR DIPGUTS.....os e snssrrissssisrimmmscsmnsnannss. | 1031 Incloz: British Vigin Inlands {Ane- E
goda htand).
iguana. Barrngton fand | Conclopins paliks Ecusdar (Galzpegos Islands) G0 13
8 Iguana, Cayman Rrac giound Cychus nutvls caymanansis Wl ndion: Caymon WIB0S . mmred o -] T
iguens, Cuban ground A Cychra nubda nobxls .- Cuba Entita (exckeding T
papulslron
Inroduced n

15
o7

[H]
315

125

20
128
128
128

129
129

A
NA
NA

A
b

NA
17 Bilc)
HA

HA
HA
NA
A
NA

HA
HaA
HA

NA
RA

MA
HA
NA
HA
NA
NA
NA

HA
HA

1tez1 §

LOrCT A Y

Iguane, Exums Istand Cychra cychiur Sgginsi Watl knfias: Bah Entre T 128 NA HA
kguans. Fil bandod Brachylophus fascialus Paciie: FIi, Tongn .} £ 11 NA NA
Igusne, Fil crestod ... | BraChyiophus Vitignss PACIE: FIY....occmresssrcnssrssssssassenmmnsassnsssssnsind seuer do [3 a8 HA A O
tquana, Grand Cayman gigund -} CYehrdt nutnll IwIM....coonmnevvssssssessssssnossers | WS D0, Coyman 1SRDN.......cossmcnreen] woren 00 e - E 120 bA HA )
Iguans, Jama'can CYchan ool .. ... Was! Indivn: J da E 128 NA NA 3
1guanS, MaySQUBNE ....cmmpterissmsmnsresssncnsns] CYORNR CATOATR DAAISCHN cossn.. sarsresraseeneen 1) West Indias: Babamas -] J T 128 NA HA
iguana, Mona ground Cyclura stejnaged U S A (PR; Mang lsland} T . 33§ 11.95(c) NA g
Iguana. Turks and Caicos..... Cychoa cpni i Wes! Infios: Turks and Catcos Ialards ....... T 120 NA HA &
Iguana, Wathng Istand ground ... Cychon nlayl mlapl. Woesl Indlex Baharmay ... E 20 MA Ny -
Kuana. Wheis Cay ground..., Cycira nleyt! ensiata do T 129 HA NA T
iz ard, blunt-nosed leopard ., Gambulia { wCrolaphyius) 88 1.8 A [CA} E 1 NA NA P
Lizard, Cozchella Vatey hinge-toed. S 70 N T NI, P 4 ¥ 105 | 17.85(2) NA
Llzerd, Heaivo glant Gallotia simonyt simomyd, Spaln (Canary tylends) E 144 NA NA g
Lizard, Ibize wel Podarcly pily Spaln (Belaark lslardds} T 144 NA NA
Lizard, 13fard night. Xantusin { = Kigubating) riversl USA ([CA} T 26 NA HA m
thrard. St Crotx ground .| Amuiva polops .. USA. (V) & 24 1 17.85{c) NA g8
Montor, Bengal .. .| Varanus beng Iran. fan. Indin, Sd Lanka. Malnyste, Af. E 1% HA NA =

ghsninlan, Bucma, Vieinam, Thatand. §.

St

M danert.... } VarBnis gria#im . o iesoemensssncssen] NOAR Adilc 10 Naasanal, Casplans

o s e mlm:f 9 :.u: ..... L — 1 ] ‘ 18 ‘ NA | Ny

. i .

i WL et
- ey e
= -

AR et
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Maonitor, deeert ¥ emestsssrmmsesssmmessttonns reeesssnmeees | HOAN Allca t2 Noaiuwpst, Gasplsn Gos
Uuough USHER. 10 Pansten, Nellr
vl Indis.

Monltor, K da aland, Indoneala (Komodo, Rinija, Padm, and
woslwn Fiorws lalend).

Moo, yalkew ¢ ressersmerpeensemmesnnnes | WS Pakistan UWough India 10 Bangle-
disgh.

5

Ju “AIDS SJUPIIA PUD USH ‘SN

HA

=z
>

NA

RA

Python, Indan Sib Lanks and India
Aattasnake, Anub B e .| Asubs Talund {Nelhortand Antillgs)....
Rattesnaha, New Maxican ridge-nosed...... ] US.A, (MM), Maxco
Swnk, Round Intand, Leioioplsma taltkid Indinn Ocaan: Muwil
Spake, ANNLS K Mareh Noroda /, LABVRLR cssssrisssrasnnannn] ULSAL (FL)
Snaka, Cancha water..., Nartocha harter pauckmaciuisia USA {IX)
Snake, eastem Wdgo DXYMNErCNON OIS COUPOH . ermussrrnnn| L B-A. (AL, FL, GA, MS, 5C)
Snaka, San Francisos g Thamnophes sitals telralaons US.A. [CA)
Tartarug POCOCHENyS axpansa . J Soun Ameict Onnoce and A
Rivar besing,

Testapin, dva (=Tualong) Batagur baske Mulaysis, Bangladash, Buma, Indis, I
donasia

Fornvsioma schkgeld Matayss, Ingonasis

Torlolse, angeixled Goocheke 1rp Malagasy Repubic (= Madagascar)... ... f v
Tartolss, Bolaan Goph [ LT T P PP S—— ] 4o
Tikloiss, Gudait deob:;gl{-swwaw&; wGophocual | LLE.A. {UT, AZ, CA, HV), Maxco Boaver Dom Skope,
apassizd Uish.

Toitolse, GAUAPEGOR murrmismsiimmmmsssnn] GOOCHEIONS MAPDATIORRH .o | Ecuador (Galapagos lalands) Entre

Toroclae, redaled. Goochlond (= Tesixko) radala .{ Malagasy Repubtic {=Madagascar)
Tracals Pou ly pndilss South Amurice: Orinoco ad A
Rrves baylng.

Toatara Sphenodon pUCIRiE Nuw Zoaland

Turtls, equatic box Muoxco
Tudtle, black sofishald X oL Bangtadesh
Turtle, Burmusse poacocH...., J— ; // Buwma

Turlls, Centzal Amancan river . MWarico, Bolze, G
Twrtle, Custic Cieneges sofishell ’ Mexkco
B [T LY, T — South Alilca

NA
NA
NA
HA
NA
NA

EX 33333334

HA

NA
NA
NA
17 85(¢)

Jotsa

NA
NA
NA

NA
HA
NA
NA
NA
HA
HA

$TTIET FIT TEEEF ¥

GERREBE BE

- mMWMMMMMM MMM ~MMM M MM A~~~ M ™

Turlle, greon s Cucumglobs! & woplca and lamporate | Wheraves tound NA

#0a8 &nd oceans. excapl wherg
listed a3
andangerad
balow.

Breeding colony
populations i FL
and on Pacrlic

R conl of Meuco.
Tuille, hawketh sos (= carey). Entire 17.05(c)
Tuclle, InCHEn SAWDBCK ovcssnec . WA
Tustie, bnckaa soltshal L &0, A

Y XY ".a'\(e- N

iRk mider o

A
KR
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L
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o

A
I N

St

When
Nated

Crilical
habitat

riles

12§

Specles Vrcngltb::‘b;m
Hislodc range populal .
Common neme Sclenttlc nume '"&l‘fmimof
Turtie, Kemp's {= Atanikc) Ridlay som.... Lopidochalys AOmMPR .vuermsisisspmiiissbenst st Tropkeal and temperale seas i Atlentic | ... L. . SORT—— |
Bawn,
Turle, loalharback B ..icennincereeninses | Dorachslys COTACOR. ..uin — Teoplcal, temparate, and subpolar 5088 ....) [T . ——
Tonylo, logQorhead 888 s smess ] Caraila caralls Cucumgtoba! In woplenl and lemperals | ... 00.c.. “
sann and OCodns.
Turlle, Clws (Paclik) Ry 80%.....onu] LOPIIOCHEND BIvACER . .ocoosrmisscsnnrieeere] TEOpCW and tamparals sesn In Pacific | Wherever found
Baaln, excopt whare
Nstad a3
endangéred
. balow.
Do...... ., SOOI, IR do Beading colony
popuiations en
Pacitic conat of

42

42

42

NA
17.95(c),

2261
NA

Na

NA
KA

17.42(b)
and Party
220 and
2.
17.42(b)
end Parle
220 and
zal.

NA

Turlle, pracack sofishafl Trionyx Fixvm. India, Banplagash Entre E 15 NA NA
o Turtie, Plymouth 1ad-belkd...ocie| Psoudamys  {=Cluysomys) nabdvaniis | U S.A. (MA) . . E 0 | 17.05(ch A
bangsl.
b2 Turlls, shoil-neched oOF wisleérn swamp...... Psaudam;mn [T ] Auglralia .., . E 3 NA NA
Turtle. wpotind pond ...... famys (= Damonia) hamiond ..........| Horth Indis, PAKISIAN ..o s aa E 18 NA NA
Tunle, hrae kaehad Aslan ........coneecsimiierssan] Malmoche}jg { ~ Geoemyds, Micorta) .If- Contigd Incia lo Bangindesh and Burma .| o s - E 15 NA NA
caninala.
Viper. Lar Vailey, Vipesa latid bran do. E 28 NA NA
AMPHIDIANS g
Coqul, gofden Elwﬂ“' TACAYRIS JUSPOM ovrvernarsscmassssramassines] LS A, (PR} T 20 | 17.9519) NA
Frog, luae p k nigrivanier horgal E 3 NA NA g
Frog. Panamantan Qokdoti. o mmmren Are!opu: vanus zefau Panama E 15 NA NA
Fiog, Stephen leend Lolopeima hami New Zealend E [} NA NA g
Sslemander, Chinase giank.... ] Antiias damnus XK, Wasletn China E 15 MNA RA =
Selamandor, dased slendar ..... | Balrachoseps armss... ope—— T - ¥ N+ E ] NA NA
Sah dat, Inp it Andu:danddw:hmdw: Jopan E 15 HA L
Salamandes, Aed Hils .| Phasognatiues hubachl, USA (AL T 19 HA HA s
Sslarnander, Sen Marcos . Evryves nang .. ........ e fUS A (TX) T @8 | 1705(d) | 17.43n) ?
Salamandaer, Sants Cruz Img-bood Ambystoms Macrodaclyhun aoceun JUS A [CA) E 1 HA HA
Satumander, Texes bing ... - . Typiomokzs rathbund... USA {Ix) E 1 NA HA
Toad, Alilcan vivipripus Neciophonokies wpp. Tenzeris, Guines, hory Cosst, Came- E 1% NA NA
roon, Libarls, Ethiopla. m
Toud, Camoiogn Bufp 31 Equalons Alica 13 % NA NA n
Tard, Houslon . Bufo housto USA (T E 2] 12.95(d) A
Toad, Monte Yesds, [T T — ] 1T 11" ¥ E 15 HNA NA O
a
TaAd, WYOMIIY e mretitsnmmet st s einncy S0 SEUGORYE DANERT oo cvrsiresreerinnenaene- | U S A (WY) PR do E 138 NA HA ©
FlsHES !‘“
Als Bk {lion) | ... 1 Satmo platycephatus ... Turhay Enie & 3 HA NA 2
Ayumodol {loach Hymanophyss (= Gotla) curte Japan do. 3 3 NA T -
Biindeal. Maxican [catiiahd. Prateila pheaatophia I_.'Iaxl::o ............... dn r

Bonytounyus. Aslan, ... .. ...

Sriemnanae frms -




Buro pruys baxind

Toud, Wyoming
Fianes
Als Badlx {uoul).

Ayumodold (loach)
Blndcal, Mexican (catheh)

Bonytoungup, Astan

Cathah {00 COMMON MAMAY 1sereceesasms A

Saimo pla

o| Turkey

US.A. {WY)

m
2
E
3

Hymenophiysa (= Bota) curts
| Protolia plveatophia...

Scloropapes lormosus
Pangasius sanitwongsul..

[ Yhallang, Indonasla, Malaysia

lapan

Cathah, gaant

Catiah, Yaqul

Cavafish, Alabama

Cavafish, Ozark
Chub,

, bomylad
Chub, Borax Lake

Chub, Chuwahua

~JUS A, ({OR)
U.5.A (M), Mawsg (Cracahuey.

Chuib, humpback

Chwb, Hunon il

Chub, Mohave

(=7 e ST T —
Chub, Palvanagat roundiad .,

USA {AZ, CO, UT, WY)

U.S A, (AZ), Marko

J LS A (AR, MO, OK)

USA. [AZ, CA, CO, NV, UT, WY]

S8 EREREEEE

do

1UsA ()

Chub, Sonors

Chwb, spotiin

Chwb, Yaqui

Cicek (minnaw)

Cut-ul

ACRNLNONHAES TR ICI o issrismemieneservensss]

Gh A cujus

Dace, Ash Maadows specklied....

Dace, dosert

Rhinchinys osculuy

USA (TH, VA)

Us A'. “ZL Muxico
US A (AL, GA, RC, TN, VA)

U.S A (AZ), Mexico

Tuthey

L.S A (NV)
do

Eremichihys #ceos

do

Dace, Foskert spockled.......
Dace, Hondull Warm Springs
Dace, Moaga

Ef

.| Rnirvch

RRChys 0SCuid AN s svismesisssssons
1 4

osculus Mip.

U.SA, (OR)

Danet, amber

Darts, bayou

U.S.A, (W),

U.8.A. [NY)

US.A. [GA, TN)

USA. (MS)

Dartar, touataln
Danti, leopard

JUSA. (AR, OK)

USA. (1%)

US.A. (MD}

Jusa (AL

Dantar, walercrass

Gambuala Bh Band

Paccing tanas]
Eon

2 nuchale.

VSA. (MO}

US.A (FL)

U.S.A, (AL, GA, TN)

US.A (AL}

USA. (TX)

Gambusia gasel
Gambuza he har

do

- Gambusta, Clasr Crak

Gamnbusis, Amuatad
Garnbusla, Pecos

Gambusia amistadenss

do

Gembusia notvis

lebuu San Maicos

Grinbusia goorgil.
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UEA. (TX)

MMM M MMM MMt HAmmMmmMm

AT AT T IS T ot o TN ol BTV o FTF e 170 ATV BTY o]

NA
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NA
17.95(8)
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NA
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NA
17.05(6)
NA
17 #5{4}
17 85{6)
12.95(6)
12.85(0}
HA
A
17.95(9)

17.85(e)
NA

HA
HNA
17.950a}
NA
17.95(e)
$2.95(8)
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17 05le)
HA

17 851¢)
HA
NA
NA
NA
A
NA
17 95(v)

NA

NA
NA
NA
HA
HA
NA
17.4410)
NA

NA

HA

NA
17.44{g)
NA
17.44{y
NA

NA

NA
17.44(c)
17.44(0)
17.44(c)
NA

NA

NA

NA

17 44{m}
17 440)
NA

NA

NA
17.44(1)
NA

17.44(d)
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17 44ik)
NA
17 44(c)
NA
NA
NA
NA
NA
NA
NA
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Pandy mussal, white cal's paw.......
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15
1%

Panity mussel, whité wartyback, L - FUSA {AL, 1N, THY
Pomily mussed, yallow-blossom .. - A 1 - FLLB.A (AL, TH)

5
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£
15
a
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FR 44991: D

Hw FR 29864 J1
g—40 FR 31736 1
1040 FR 44151; &
11—40 FR 44418; £
1240 FR 47506 (
1341 FR 1TT40; &
441 FR 22044: J
1541 FE 24064; J
16—41 FR 45993: C
17—41 FR 51021; }
1B--41 FR 51612; }
1941 FR 53034; L
20—42 FR 2078; J2
2142 FR 2968; Ja
2242 FR 158T1, )
2342 FR 28137 J
24—42 FR 28545; J
2542 FR 37373;: J
26842 FR 40685 24
2T—42 FR 42353; A
23—42 FR 45528: &
2542 FR 58755 N
30—42 FR 50745; N
31—43 FR 3715: Ja
32—43 FR 4028; Ja
23—43 FR 4621; Fe
34—43 FR 6233: Fe
35--43 FR 5612; M:
36--43 FR 12691 X
37—43 FR 15428; A
38—43 FR 18345 A
40—-43 'R 20504; &
4143 FR 28632, I
42—43 FR 32808;
4343 FR 34479; A
45—44 FR 21289; A
46—44 FR 23064; A
48—44 'R 29480; M
50—44 FR 37126: 1
51—44 FR 37132 It
52—44 FR 42911;
54—44 FR 45220; A
55—44 FR 54007: 5
60—44 FR 59084; O
85—44 FR 59208; N
36~44 FR 70687T: D
87—44 FR 75076: D
88-—5 FR 18010: M
20—45 FR 21833; A
91—45 FR 24090: A
92—45 FR 27713; A
33--45 FR 28T2%°A
4—45 FR 35821; M
95—45 FR 44935; J1
9645 FR 44539 It
9745 FR 47352; u
98~45 FR 47355; Jt
98—45 FR 52803; A:
100—45 FR 52807; £
102-45 FR 54678; £
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U.S. Fish and Wildlife Serv., Interior

1-32 FR 4001: March 11, 1967.
2—35 FR 16047: October 13. 1570,
3—35 FR 849%; June 2, 1970.
+—35 FR 18320; December 2, 1970,
537 FR 8476; March J0, 1972,
§--38 FR 14678: June 4, 1973.
1—39 FR 44991; December 30, 1974,
8—40 F'R 29864: July 18, 1975.
9—40 FR 31738:; July 28, 1875,
10—40 FR 44151: September 25, 1975,
11—40 FR 44418; September 24, 1975.
12.—40 FR, 47506: Qctober 9, 15975,
13—41 FR 17740; April 28, 1978,
14.~41 FR 22044: June I, 1976,
15-—41 FR 24064: June 14, 1976,
16—41 FR 45993; October 19, 19786,
1T—41 FR 51021; November 19, 1978.
18—41 FR 51812; November 23, 1976,
19—41 FR 53034: December 3. 1974,
20—42 FR 2076; January 10, 1977.
21—42 FR 2968; January 14, 1977.
22—42 FR 13971, March 24, 1977,
23—42 FR 28137; June 2, 1977,
24—42 FR 28545; June 3, 1977.
25--42 FR 37373 July 21, 197T.
28--42 FR 40885; August 11, 1977.
17—42 FR 42153: Auguss 23, 1977,
28--42 FR 45528; September 9, 137F
19—42 FR 58755; November 11, 1977.
30—42 FR 80745; November 29, 1977.
3143 FR 3715; January 27, 1978,
3243 FR 4028; January 31, 1974,
33—43 FR 4621; February 3, 1973.
3443 FR 6233; February 14. 1978,
3343 FR 9612; Mareh 9, 1978,
18—43 'R 12681; March 27, 1878.
743 FR 15429; April 13, 1973,
18—43 FR 18145; April 18, 1978,
40—43 FR 20504: May 12, 1978,
41—43 FR 28932 Juiy 3. 1978.
42—43 FR J2808; Juiy 28, 1978.
43--43 FR 34479; August 4, 1978,
45—44 FR 21289; April 10, 1979,
46—44 FR 23064; April 17, 1979,
48-—44 FR 29480; May 21, 1979.
$0--44 FR 37126: June 25, 1579,
51—44 FR 37132; June 25, 1979,
52—¢4 FR 42911 July 20, 1970.
54—44 FR 49220; August 21, 1979,
5%-—44 FR 54007: September 17, 1979,
80——44 FR 59084; October 12,1879.
4544 FR §9208: November 30, 1879,
88-—44 FR T0677; December 7, 1979,
87—44 FR 75076; December 18, 1979,
88—45 TR 13010: March 20, 1980.
$0—45 FR 21333; April 2, 1980.
91-—45 FR 24090; April 8, 1980.
32—45 FR 27713 April 23, 1980,
33—45 FR 28722:-April 30, 1980,
34—45 FR 35821: May 28, 1980,
95—i5 FR 44935; July 2, 1980,
38—45 FR 44938; July 2, 1880.
97-—43 PR 47352; Juiy 14, 1930.
9815 FR 47355: July 14. 1980,
#8945 FR 52803; August 3, 1980.
100—s5 PR 52807; August 3, 1980,
102—45 FR 54878; August 15. 1950.

97

103—45 FR 55654: August 20, 1980.
105—45 FR 63812; September 25, 1980,
10645 FR 65132: October 1, 1980,
108—48 FR 3178; January 13, 1981.
11146 FR 11665; February 10, 1981,
112—46 FR 10025; August §, 1981,
113—46 FR 40684; Auguss 10, 1981
114—47 FR 4204: January 28, 1982,
115—4T FR §425; February 5, 1982,
117—4T FR 1999%; May 10, 1982.
119—4T7 FR 31670: July 21, 1982,
123—4T7 FR 43701; Qctober 4, 1982.
124-—4T FR 43962; October 5, 1982,
125—4T FR 46093; Octaober 15, 1982,
127—48 FR 612; January 5. 1983,
128—48 FR 1726; January 14, 1983,
129—48 F'R 28484; June 22, 1983,
130—48 FR 40134; September 2, 1983,
13148 FE. 43043; September 21, 1933,
13248 FR 46057; October 11, 1983.
134—48 'R 46336 October 12, 1983.
135—48 F'R 46341; Qctober 12, 1983.
136—413 FR 49249: Qctober 25, 1983.
13749 FR 1058; January 9, 1984.
138—49 F'R 1994; January 17, 1984,
139—49 FR 2733; January 23, 1984,
14249 FR 7335; February 28, 1984.
143—49 FR 73947 February 29, 1984.
144—49 FR 7398; Februaty 29, 1984,
14519 FR 10528; March 20, 1984,
146-—49 F'R 14358; April 11, 1984,
149—49 FR 22334; May 29, 1934,
15049 FR 27514; July 5, 1984.
156—49 FR 33885; August 27, 1984,
157—49 'R 34484; August 31, 1984.
159—49 FR 34504; August 31, 1984,
18049 FR 34510: August 31, 1984.
161—49 FR 35954: September L3, 1984,
163—49 Pt 43089; October 246, 1984,
184—49 FR 43968; November 1, 1984,
186—49 FR, 45183; November 15, 1984,
168—49 FR 49630 December 21, 1984,
169—50 FR 10458; January 9, 1935,
17050 FR 4226; January 30, 1985.
171—50 FR 4945: February 4, 1885,
173—50 FR 12302; March 28, 1985.
174—50 FR 12305; March 28, 1985,
181—5¢ FR 20785: May 20, 1985.
18250 FR 21792; May 28, 1985.
183—50 FR 23884; June 4, 1985.
184—50 FR 24530; June 11, 1985.
185—50 FR 24853; June 12, 1985,
186--50 FR 25678; June 20, 1985,
188—50 FR 28575; June 27, 1988,
180—50 FR 27002; July 1, 1985.
193--50 FR 30194: July 24, 1985.
195350 FR 31596; August 5, 1985.
196--50 FR 31603; August 5, 1985.
203—50 FR 17198; Saptember 12, 19885.
205—50 FR 39117; September 27, 1935,
206—50 FR 19123; September 27, 1985.
210—50 ¥R 50308; December 10, 1985,
21150 FR 50733: December 11, 1985.
212--50 FR 51252; December 168, 1985.
218—51 FR €690: February 25, 1584,
222--51 FR 10850; March 31, 1984,
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22351 FR 10857; March 31, 1936,
224--51 FR 10884; M=arch 31, 1988,
227—51 FR 18047: April 30, 1888,
22851 FR 16482; May 2, 1986.
233--51 FR 17980; May 16, 1586,
23651 FR 23781; July 1, 1986.
239—51 FR 27495; July 31, 1986,
241—51 FR 31422; September 3, 1986.
24251 FR 34412; September 26. 1986,
248—51 FR 34425; September 28, 1988.
[48 FR 34182, July 27, 1883; 48 TR 34961,
Aug. 2, 1983, as amended at 48 FR 39943,
Sept. 2, 1983; 48 FR 46337, Oct. 12. 1983; 48
FR 52743, Nov. 22, 1983; 49 FR 1058, Jan. 9,
1984; 49 IR 33892, Aug. 27, 19841

EptroaaL Norr For additional FrorgaL
Rrcisrre citstions affecting the table in
§ 17.11Ch), see the listing wiich f{ollows the
tabile.

Errzctiyr Datg Nor At 51 FR 34412,
34425, Sept. 26, 1986, the table In § 1741¢h)
was amended by adding “Shrew. Dismal
Swamp southeastern” slphabetically under
“Mammals” and adding *“Crayfish, Nash-
ville" alphabetically under “Crustaceans”,
effective October 27, 1986.

§17.12 Endangered and threatened plants.

(a) The list in this section contains
the names of all species of plants
which have been determined by the
Services to be Endangered or Threat-
erted. It also contains the names of
species of plants treated as Endan-
gered or Threatened because they are
sufficiently similar in appearance to
Endangered or Threatened species
(see § 1T.50 el 3eq.).

(b} The columns entitled “Scientific
name” and “Common name” define
the species of plant within the mean-
ing of the Act. Although common
names are inchirded, they cannot be
relied upon for identification of any
specimen, since they may vary greatly
in local usage. The Services shall use
the rost recently accepted scientific
name, In cases in which confucion
might arise, 2 synonym(s) will be pro-
vided in parentheses. The Services
shall rely to the extent practicable on
the Internationel Code of Botanical
Nomencleture.

{¢) In the “Status” column the foi-
lowing symbois are used: "E" for En-
dangered, T for Threatened, and “E
[or T1 (S/A)" for similarity of appear-
ance species,

(d) The other data in the list are
nonregulatory in nature and are pro-
vided for the information of the

50 CFR Ch. | (10-1-36 Edifion)

reader. In the annual revision and
compfilation of this title, the [ollowing
information may be amended without
public notice: the spelling of species’
names, historical range, footnotes, ref-
erences to certain other applicable
portions of this title, synonyms, and
more current names. In any of these
revised entries, neither the species, as
defined in paragraph () of this see-
tion. nor its status may be changed
without folilowing the procedures of
Part 424 of this title,

(e} The *“Historic range” Iindicates
the known general distribution of the
species or subspecies as reported in the
current scientific lterature. The
present distribution may be greatly re-
duced from this historic range. This
column does not imply any limitation
on the application of the prohibitions
in the Act or impiementing rules, Such
prohibitions apply to all individuals of
the plant species, wherever found.

({fX1) A footnote to the FroEral. REG-
ISTER publication(s) listing or reclassi-
fying a species is indicated under the
column “When listed.” Footnote num-
bers to §§17.11 and 17.12 are in the
same numerical sequence, since plants
and animals may be listed in the same
FeneERAL REGISTER document. That
document, at least since 1973, includes
a statement Indicating the basis for
the listing, as well as the effective
datets) of said listing.

(2) The “Special rules” and “Critical
habitat” columns provide a cross refer-
ance to other sections in Parts 17, 222,
226, or 227. The “Spectal rules”
column will also be used to cite the
special rules which describe experi-
mental populations and determine if
they are essential or nonessentizl, Sep-
arate listings will be made for experi-
mental populations, and the status
column will include the following sym-
bols: “XE*" for an essential experimen-
tal population and “XN" {or a nones-
sential experitaental population. The
term “NA” (not applicable) appearing
in either of these two columns indi-
cates that there are no special rules
and/or critieal habitat for that par-
ticular species. However, all other ap-
propriate rules in ¥Parts 17, 217
through 227, and 402 still apply to
that species, In addition, there may be
other rules in this title that relate to
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Agavacens—Agave lamby:

Agave antovce Arlzona agave [V W7 4 OO———
Allsmiplacons~Waler-plantsin famiby:

Sagitiara i Vi Bunchied sirowhead. U.8.A. (NG, 5C)
Amgranthaceaa—Amaranih family: -

Achyranihas rolundala Mone U.8.A, (H)

Annonscaas—-Custard-apple family:

mm

Asimina 18l 2 Fouwr-patel pavp L&A (FL)
Dering pulchelk Boauliful pawpaw " . .
Deering ngeli [P LIE W11 -1 T R e— PR do

Aplacese—Paraloy larwly:

is canbyl

Apocynaceae—~Dogbans lamity:

Cycladenia huniis vat. jonosd,

Asterpcoas--Aster lamily:

Canby’s HOPWOH cuuvuruccrumsisasmssanssinsnsisseses | .8 AL [OE, QA, MD,
NG, §C).

-

YT e T T T R ————————— VR N ¥ V) | R—

Ayroxiphunm SaRhicensa ssp. $andwicenss ‘Ahlnghina (Meuna Kea siversword)......... UEBA (HY i sased
Buens cunasla Cunsale bidéna " ceomasertsmensans] snseed do
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REFERENCE 15

Hanford Envircnmental Health Foundation

Drinking Water Report, HEHF-45



HANFORD SANITARY WATER SYSTEMS

Quring CY-1984, sanitary water was supplied on the Hanford Site by 17
individual drinking water systems, each consisting of a raw water supply,
treatment facilities, and distribution piping. All of the systems are
operated by Department of Energy contractors with the exception of the City of
Richland municipal system which provides water to the 700, 1100, and 3000
Areas. Twelve of the systems utilize Columbia River water as a raw water
source, four systems utilize groundwater, and one system (Richland municipal)
a combination of the two. The systems range in size from those providing
plant-scale treatment and serving extensive areas to nine systems which supply
water to single or small complexes of facilities only.

The systems, along with their sources of supply, service areas, and
additional pertinent dinformation, are listed below. A Hanford S3Site map
depicting locations of the systems (with the exception of the Richland
municipal system) is given in Figure 1.

'System Source of Supply Notes
100-8 Columbia River via Filtered and chlorinated. Sani-
181-B Pumphouse tary water supplied to 182-8 8ldg.
anly. System is Rockwell (RHO)
- operated.
100-D Columbia River via Filtered and chlorinated at 183-D.
181-0 Pumphouse Treated water also supplied to

100-F and 100-H Areas as needed.
System is RHO operated.

100-K Columbia River via .Filtered and chlorinated. System

181-K Pumphouse is Unitad Nuclear Corporation (UNC)
operated.
100-N Columbia River via Filtered and chlorinated. System
- 181-N Pumphouse is UNC operated.

200-E Columbia River via Filterad and chlorinated at 283-E.
100-8 raw water System is RHO operated.
export
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SITE ID NO.: Pickling Acid Crib

ALIAS: None FACILITY: Crib
STATUS: Inactive
DIMENSIONS:
Length: 50 ft
Width: 30 ft
Depth: 10 ft
Diametar: 0

ELEVATION:
WATERTABLE:

LOCATION: 6500 Area
COQRDINATES: To be determined

SITE DESCRIPTION:

A crib type structure 50 feet by 30 feet and 10 feet deep located
500 yards from the old White Bluffs Ice Plant and 300 yards east

of Federal Avenue, Vent pipes extrude every 18 inches at the
surface,

SERVICE DATES: 1943 - 1945

SERVICE HISTORY:

The site was used to pickle galvanized piping for use in the

reacter buildings during construction. The process used several
thousand gallons of nitric and hydroflueric acid. The sita was
retired in 1945 and the surface was covered with large cobbles.

REFERENCES:
Documants:

Photographs: 122440-464-CN, 122440-465-CN

Drawings:

Ref. 16.1



This site was

SITE ID NO.: Pickling Acid Crib

CHEMICALS DISPOSED

No chemical {nventory is available.

He3:
C-14:
MN-54:
C0~80:
NI-G3:
KR=-85:
SR-90:
Y-91:
NB~0S:
ZR-95:
TC-99:
RU-103:
RU-106:
SK-113:
58-125:
[-129:
CS-134:
€S-137:
CE-141:

RADIONUCLIDE INVENTORY

0.
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.000040
.0000¢
.00Q00
.00000

OO0 OoOOQOOOOODOOoOODOOO

(in curies)

00000

CE-144:
PR-144:
PM=147:
EU-152:
EU-154:
EU-15%3:
NP-237:
PU-238:
PU-239:
PU-240+
PU-241:
AM-241:
U-233:
-235:
U-238:
TH-232:
BETA:
GAMMA:
ALPHA:

0.00000
6.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
9.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00000
0.00000
0.00000

not used to deliberately dispose of radicactive

These values are decayed through April 1, 1986.

waste.

=
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SITE ID NO.: 107-B

OIMENSIONS: ELEVATION: 440 feet
WATERTABLE: 40 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-8B/C
COORDINATES: N71660/W80580, N71660/W80090, N71430/WB0560, N71430/W80090

DESCRIPTION OF FACILITY

Concrete lined basin, 230 ft. x 467 ft., with a vertical baffle
down the middle {lengthwise). The floor of the basin consists of
cancrete slabs, their joints originally closed with neoprene
water seals. To a height of almost 10 ft. above the floor, the
walls slope and are about 4 inches thick. The upper sections of
the walls (about 10 ft) area vertical and range in thickness from
about 5'8" at the bottom to one foot at the top.

The basin has been backfilled with soil to a depth of almost four
feet.

OATE OF OPERATIONS: 1944-1968
OESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radicactive decay and thermal cooling prior to release to the
Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 80% of the total
radionuclide inventory is contained within the soil adjacent to
the basins. Approximately 10 curies have leached into the
concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin

area:

- In early 1952, gross leakage at the inlet for the 105-8 effluent
line was detected and steadily increased in volume.

- In Tate 1952, two known leaks from the effluent line occurred:
(1) near the #2 diversion box for the 30" line and (2) near the
g“_¥;§er for the temporary by-pass Tine northeast of the 105-8

uilding.

. = In February, 1954, a break occurred in the 107-B Basin.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

Ref. 16.3
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REFERENCES:
Documents: UNI-946

Photographs:

Drawings:

Ref. 16.4



SITE ID NO.: 107-C

DIMENSIONS: ELEVATION:
WATERTABLE:
Length:
Width:

Depth: 16 feet
Diameter: 330 feet

FACILITY: Retention Basins (2)

LOCATION: 100-B/C
COORDINATES: N-71045/W-79970, N-21045/W-80320

DESCRIPTION OF FACILITY

Two carbon steel tanks, each 330 feet in diameter and 16 feet
deep. Each has a serfes of steel baffle plates inside to prevent
water from channeling across the tank into the discharge line,
Bath tanks have been backfilled with soil to a depth of about
four feet.

DATE OF OPERATIONS: 1942-1969
DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for radioactive
decay and thermal cooling prior to release to the Columbia River.
Total radionuclide inventories in the vicimity of the basins

ranged from 5 to aver 400 curies. 80% of the total radionuclide
inventory is contained within the soil adjacent to the basins.
Approximately 10 curies have leached into the concrete

floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
leaks could have been as high as 5,000 - 10,000 gallons per
minute, '

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

ww* MEMO FIELD EMPTY **

REFERENCES:
Documents: (NI-946

Photographs:

440 feet
40 feet
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Drawings:
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SITE ID NO.: 107-0

DIMENSIONS: ELEVATION: 420 feet
WATERTABLE: 35 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100 D-DR
COORDINATES: N-94455/W-52730 to N-94685/W-53250

DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls. The
design is about the same as 107-B. the basin has been backfilled
to a depth of about 2 ft. The walls appear to be coated with
asphait.

DATE OF OPERATIONS: 1944-1967
DESCRIPTION OF WASTE

Retained reactor cooling water effluent water from the 105 reactor for
radicactive decay and thermal cooling prior to release to the

Columbia River. Total radionuclide inventories in the vicinity

of the basins ranged from 5 to over 400 curies. 70% of the

total radionuclide inventory is contained within the soil

adjacent to the basins. Approximately 10 curies have leached

into the concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin

area:

- In early 1950, leakage occurred on the north side between the
basin and the river. Effluent water had drained under the
road to the section between the rcad and the perimeter fence.

- In the fall of 1951, excess leakage was detected above ground.
As a result, two excavations were made. The holes were then
cavered, but effluent water continued to seep to the surface.

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*+* MEMO FIELD EMPTY *#+
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REFERENCES:
Documents: UNI-946

Phatographs:
Drawings: M-1901-D Sh.8
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SITE ID NO.: 107-DR

DIMENSIONS: ELEVATION: 420 fest
WATERTABLE: 35 feet

Length: 600 feet
Width: Z30 feet
Depth:

Diameter:

FACILITY: Retention Basin

LOCATION: 100-D/ODR
COORDINATES: N-94058/W52516, N94680/W52219

DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 600 ft., with 20 foot walls. It
has been backfilled to a depth of one to 3 feet.

DATE OF OPERATIONS: 1950-1964
DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
~adioactive decay and thermal cooling prior to release to the
Columbia River. Total radionuciide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 70% of the total
radionuclide inventory is contained within the soil adjacent to
the basins. Approximately 10 curies have leached into the
concrete floor and walis.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin
area:

- In late 1951, extensive leakage of effluent water at the inlet
end of the 107-DR retention basin was caused by the pipes pulling
loose from the basin wall.

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***
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SITE ID NO.: 107-F

DIMENSIONS: ELEVATION: 400 feet
WATERTABLE: 30 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-F

COORDINATES: N79967/W24130, N79967/W28900, N79500/W28900, N79500/W29130
DESCRIPTION OF FACILITY
A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls,
similar in design to 100-8 and 100-0. The basin has back-filled
to a depth of about 5 feet, with soil piled to cover the walls.
DATE OF OPERATIONS: 1945-1965

DESCRIPTION OF WASTE

letained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to releae to the
CaTumbia River. 70% of the total radionuclide inventary is

contained within the soil adjacent to the basins. Approximately
10 curies have leached intc the concrete floor and walls.

UNPLANNED RELEASE

EXTENT OF CONTAMINATION
The axtent of the contamination from these releases is well within

the zone encompassed by the retention basin and is within the
AC-5-40 permanent posting.

*#*x MEMO FIELD EMPTY **+
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SITE ID NO.: 107-H

DIMENSIONS: ELEVATION: 420 feet
WATERTABLE: 10 feet

Length: 600 feet
Width: 273 feet
Depth: 20 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 10Q-H
COORDINATES: N96000/W38740, N96000/W38466, NO5368/W38466, N95368/W38740

DESCRIPTION OF FACILITY

Concrete-lined rectangular basin, 273 ft. x 600 ft.; 20 feet deep.
The basin has been back-filled to a depth of about 4 feet above
the floor and slopes to the top of the walls.

DATE QF OPERATIONS: 1949-1965
DESCRIPTION OF WASTE

letained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. 70% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
Teaks could have been as high as 5,000 - 10,000 gallons per
minute.

EXTENT OF CONTAMINATION
The axtent of contamination from thess releasss is well within

the zone encompassed by the retention basin and is within the
AC-5-4Q permanent posting.

*ex MEMO FIELD EMPTY ***
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SITE ID NO.: 107-KE

DIMENSIONS: ELEVATION: 480 feet
WATERTABLE: 70 feet
Length: .
Width:

Depth: 29 feet
Diameter: 250 feet

FACILITY: Retention Basins (3)

LOCATION: 100-K
COORDINATES: N(K)565699/w426802, N(K)532850/W453651, N(K)53000/%480500

DESCRIPTION OF FACILITY

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.
They have been backfilled with soil to a depth of about 4 feet.

DATE OF QPERATIONS: 1955-1971
DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radicactive decay and thermal cooling prior to release to the
Columbia River., 80% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete Tloor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed Teaks during its operating life. The leak rate from the
butterfly valves (that went to an adjacent trench) could have
been as high as 5,000-10,000 gallons per minute. Most of the
basin leakage was diverted to an open canal and disposed to the
river,

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FLIELD EMPTY ***
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SITE ID NO.: 107-KW

DIMENSIONS: ELEVATION: 480 feet

WATERTABLE: 70 feet

Length:

Width:

Depth: 29 feet
Diameter: 250 feet

FACILITY: Retention Basins (3)

LOCATION: 100-K

COORDINATES: N(K}5245/W(K)}6190, N(K)5245/W(K)6460, N{K)5245/W(X)6730
DESCRIPTION OF FACILITY
Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.
They have been backfiiled with soil to a depth of about 4 feet.
DATE OF OPERATIONS: 1944-1970

DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radicactive decay and thermal cooling prior to release to the
Columbia River. 80% of the total radionuclide inventory is

contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating Tife. The leak rate form
the buttﬁrfly valves (that went to an adjacent trench) could have
been as high as 5,000-10,000 gallons per minute. Most of the
basin leakage was diverted to an open canal and disposed to the
river,

EXTENT OF CONTAMINATION

The extent of -the contamination from thesa releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting. .

**x MEMO FIELD EMPTY ***
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File Memo regarding recreational use of the

Columbia River
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%:% Ba“e"e Projjzct Number

Pacific Northwest Laboratories Internat Distribution
KH Cramer
, RD Stenner
Date August 26, 1987 File/LB

To IWSS Files

From DR Sherwood m

subjece  Recreational Use of Hanford Reach

The Hanford Reach of the Columbia River has many recreational uses.
Sportsman's access for fishing and waterfowl, big game, and upland bird
hunting is provided at several locations. Access points to the Columbia
River along the Hanford Reach are located at the old White Bluffs Ferry
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have
fished for steelhead and salmon along the Hanford Reach since 1980.

DRS/mgs



REFERENCE 18
Letter from RD Stenner to DM Bennett regarding 100 Area

Ground Water Contaminant Plume, October 14, 1987



October 14, 1987

Mr. D. M. Bennett

U.S. Environmental Protection Agency
Region X

Superfund Program

1200 6th Avenue

Seattle, WA 98101

Bear Dave:

Enclosed are the three descriptions of the 100 Area,

.

GBaﬁe!Ie

. Pacific Northwest Laboratories
. PO Box 999
" Richland, Washington U.5.A, 93352
Telephone (509)

Telex 15-2874

200 Area and 300 Area

ground water contaminant plumes we discussed on the telephone yesterday. I
have included some attached figures and maps to help show the independency of
the detected ground water contamination in each of .the three aggregate areas.

If there are any questions regarding the descriptions, please ‘contact me at

509-375-2916.
Sincerely,

(St

R.D. Stenner, Sr. Research Engr.
Earth and Environmental Sciences Center
GEQOSCIENCES DEPARTMENT

RDS:th



100 Area Ground Water Contamination

The ground water chromium and strontium-90 concentrations in the 100 Area are
attributable only to the activities in the 100 Area because of the isolation
of these areas and the fact that several years of ground water monitoring in
the area show that any concentrations in ground water are found contained in
close proximity to each of the individual reactor sites. Upstream samples of
the surface water show that the contamination detected downstream are
attributable to activity in the 100 Area. The furthest downstream location
of contaminants from the 100 Area entering the river is at river mile 22.

The furthest upstream entry point of the 100 Area contaminants is just above
river mile 2, which is near the 100 B/C Area.

/1
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REFERENCE 19
Letter from RD Stenner to DM Bennett regarding Liquid
Waste Sites and Burning Pits, October 26, 1987



£%Battelle

Pacific Northwest Laboratories
P.O. Box 999

Richland. Washington U.S.A. 99352
Telephone (509)

October 26, 1987 Telex 15-2874

D.M. Bennett

EPA/NPL Coordinator

EPA Superfurd Program

U.5. Environmental Protect1on Agency Reg1on X
1200 Sixth Ave.

Seattlie, Washington 98101

Dear Dave:

Per your telephone request, enclosed are the statements on liquid waste sites
and burning pits. It is our understanding that you will incorporate them as
references in the appropr1ate sections of the NPL packages and provide us

with a finalized copy of the packages following compietion of the MITRE Corp.
review,

If there are any questions regarding these statements, please don't hesitate
to contact me at 509-375-2916. .

-

Sincerely,

(b

R.D. Stenner, Senior Research Engineer
Environmental Pathways and Assessment Section
Geosciences Department

Earth and Environmental Sciences Center

RDS:dar
ENCLOSURE

bece: KH Cramer
MS Hanson
DA Lamar
RM Mangin - DOE/RL
TJ McLaughlin
RG Schreckhise
WB Schulze - DOE/RL
DR Sherwood



100, 200, 300 Area Statement Regarding Liquid Wastes

The general operating procedures for 1iquid waste sites in the 100, 200 and
300 Areas were such that the waste constituents Tisted for each site generally
entered the process lines and were mixed with each other prior to being disposed

of at the site. This process mixing of these waste constituents occurred
over the pericd of site operation.



Burning Pit Statement

Due to the time period for which the burning pits operated, the nonhazardous
combustible waste materials (i.e., paper products, cans, etc.) would have
been mixed (i.e., mixed together in the garbage truck or waste container)
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to
the waste mixture being disposed of at the site,



Reference 20

Memo from Kathleen Galloway, MITRE, to Sandy Crystall, EPA
December 29, 1987
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e ferenrce 20

MITRE

To: Sandy Crystall, Date: 29 December 1987
Acting Chief for NPL Operations,

Environmental Protection Agency (EPA)

From: Kathleen Galloway, Member of the Technical Staff,
The MITRE Corporation

Subject: The Toxicity of Uranium and Plutonium

Copies: B. Myers, S. Parrish

According to Sax, uranium is a highly toxic element on an acute basis
as well as on a ratio-toxic basis. For this reason the Agency feels it is
appropriate to assign a value of three for the toxicity of uranium,

Sax states that the toxicity of plutonium compounds is based first upon
the very high radio-toxicity of the plutonium atom. In addition, the
permissible levels for plutonium are the lowest for any radicactive element.
Therefore, although a method for assigning toxicity walues for
radio-nuclides is not established, the language in Sax would appear to
Justify a toxicity value of 3 for plutonium,

KG/js"

The MITRE Corporation
Civil Systems Division
7525 Colshire Drive, McLzan, Virginia 22102-3481
Telephone (703) 883-6000/Telex 248923
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